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Field of the Invention

The invention relates to compositions and methods for wound healing that

involve the use of proepithelin.

Background of the Invention

Skin is probably the organ most subject to injury. The breach of epithelium

triggers tissue mast cells, recruits leukocytes from the blood and stimulates the

production of cytokines that activate them. Host survival requires that leukocytes

steriHze the wound and that epithelium closes it. However, the antimicrobial

molecules released by leukocytes- oxidants, proteases and antimicrobial peptides-

can be inimical to epithelial cell survival and proliferation. Control mechanisms

must exist that coordinate the phasing of otherwise incompatible actions by diverse

host cells in a wound (Martin, 1997; Singer and Clark, 1999).

However, skin repair is a complex process. The process of skin repair can

be divided into four phases usually described as inflammation, granulation tissue

formation, epithelialization and remodeling of the connective tissue matrix. Each of

these phases is complex in itself, and it is clear that for good wound healing, the

processes must occur successively and in coordination. Good wound healing can be
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defined as restoration ofthe skin, including the dermal and epidermal part, in such a

way that the resulting scar tissue maximally resembles the unwounded skin

structurally, histologically, functionally, and esthetically obviously, such scar tissue

is different from a hypertrophic scar or keloid.

The skin is composed of several sections including the epidermis and

dermis, which can be divided into different layers. The upper section is the

epidermis, which contains mostly keratinocyte or epithelial cells, some melanocytes

and Langerhans cells, and several Merkel cells. Five different layers are found in

the epidermis, reflecting the state of keratinization. Proliferating keratinocytes are

located at the base of the epidermis, within the stratum basal, and are attached to the

dermis via the basement membrane. The dermis is composed ofconnective tissue,

including fibroblasts and other connective tissue cells, and connective tissue matrix

substances. Blood vessels, nerves, sensory organs, sweat glands, sebaceous glands,

and hair follicles are present in the dermis.

Increased leukocyte elastase activity in mice lacking secretory leukocyte

protease inhibitor (SLPI) leads to impaired wound healing due to enhanced activity

ofTGFb and perhaps other factors. Workers have some data indicating that

proepithelin (PEPI) appears to be an epithelial growth factor that can be converted

to epithelins (EPIs) in vivo. However, mechanism(s) of this conversion and the

consequences thereof are unknown.

Given the complexity ofwound healing, further information is needed on the

processes by which such healing occurs. Moreover, new therapies for wound

healing, particularly of chronic wounds, are needed.

Summary of the Invention

According to the invention, supplying proepithelin corrects the wound-

healing defect in SLPI-nuU mice. Secretory leukocyte protease inhibitor and

proepithelin form complexes preventing elastase from converting proepithelin to

epithelins. Moreover, as provided herein, proepithelin and epithelin exert opposing

activities. Epithelins inhibit the growth of epithelial cells but induce them to secrete

the neutrophil attractant IL-8, while proepithelin blocks neutrophil activation by
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tumor necrosis factor, preventing release of oxidants and proteases. Thus,

proepithelin can inhibit inflammation and promote heaHng ofwounds.

Hence, in one embodiment, the invention provides compositions and

methods for healing wounds that employ proepithelins. For example, the invention

5 provides a therapeutic method for enhancing wound healing in a mammal afflicted

with a wound that involves administering an effective amount of a composition

comprising proepithelin (PEPI) or a subimit thereof to the mammal. The

composition can also include secretory leukocyte protease inhibitor or a subunit

thereof

10 In other embodiments, the invention provides compositions and methods for

inhibiting release of cytotoxic oxidants from neutrophils that employ proepithelins.

For example, the invention also provides a therapeutic method for inhibiting

inflammation in a mammal afflicted with a woxmd that involves administering an

effective amount of a composition comprising proepithelin (PEPI) or a subunit

1 5 thereof to the mammal.

Description of the Figures

Figure lA-C shows the domains of SLPI and PEPI and illustrates that PEPI

binds SLPI in yeast.

20 Figure 1A-A and 1A-B show the protein domains in SLPI and

preproepithelin. Figure 1A-A illustrates that mouse SLPI is composed of a secretory

signal peptide (amino acids 1-25), an N-terminal domain (amino acids 26-55) and a

C-terminal domain (amino acids 56-131). Figure lA-B shows that mouse

proepithelin contains a secretory signal peptide (SP, amino acids 1-17) and 7.5 EPI

25 domains, seven ofwhich are designated alphabetically. The fragment identified in

the two-hybrid screen described herein is underlined.

Figure IB shows that BamHImd EcoR digestion of27 positive clones

revealed 3 fragmentation patterns. The DNA markers (M) are a HiriDlll digest of

DNA and a 123-bp ladder. Sequencing confirmed that 21 of the clones encoded the

30 same partial cDNA from mouse proepithelin that included a 1 1 80 bp of the ORF
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and 338 bp ofthe 3' UTR (underlined region in Figure lA-B). An additional clone

consisted of a shorter piece of proepithelin cDNA (clone 18 in FIG. IB).

Figure IC-A and IC-B provide confirmation that proepithelin and SLPI

interact in yeast. Fusion of proepithelin (PEPI) and SLPI to GAL4 activation and

5 binding domains (AD and BD), respectively, was compared to a positive control

with p53 and SV40-T, as well as to negative controls with PEPI alone and SLPI

alone, and non-specific controls with PEPI and Gal4-BD or PEPI and lamin C.

Positive interactions permitted growth without histidine Figure IC-A and expression

of LacZ (Figure IC-B).

10 Figure 2A-E show that SLPI interacts with proepithelin but not with

epithelins in vitro and in vivo. The abbreviations used in Figures 2A-E are: p,

plasmid; v, vector; IP, immunoprecipitation; WB, western blot; a-S, anti-SLPI

antibody; a-FLAG, antibody to the FLAG-tag that is fused with PEPI.

Figure 2A-A provides a western analysis showing that recombinant human

15 (H) and mouse (M) proepithelins were expressed in HEK293 cells. Figure 2A-B

shows that both human recombinant EPI A and B were expressed in insect cells. All

four proteins were purified from conditioned media.

Figure 2B shows that mouse SLPI co-immunoprecipitated with mouse PEPI

from the conditioned media of co-transfected manmialian cells. The mouse proteins

20 were expressed in COS-1 cells.

Figure 2C shows that human SLPI co-immunoprecipitated with human PEPI

from the conditioned media of co-transfected mammaUan cells. Human proteins in

were expressed in HEK293 cells.

Figure 2D shows that SLPI was detected in the PEPI immunoprecipitates

25 from two human bronchoalveolar lavage (BAL) fluids.

Figure 2E-A and 2E-B show that SLPI co-immunoprecipitated with PEPI

but not with EPI A or B in solutions ofthe pure recombinant proteins. PEPI, EPI A
and EPI B were FLAG-tagged. Samples employed were as follows: A, human EPI

A; B, human EPI B; S, human SLPI; P, human PEPL

30 Figure 3A-E illustrate that SLPI prevents conversion ofproepithelin (PEPI)

to EPIs by elastase.



Figure 3A shows that selected serine proteinases cleave PEPL An anti-

FLAG western blot ofrecombinant mouse PEPI (100 ng/lane) was incubated with

elastase (0.3 U/ml), chymotrypsin (12.5 |ag/ml), cathepsin G (0.1 U/ml) or trypsin

(1 .25 ^g/ml) for the indicated times. The term "Fold Enzymes" is used to identify

5 multiples of the indicated proteinase concentrations. The Ki is the reported

inhibitory constant ofmouse SLPI for the indicated proteinase (Zitnik,, et al., 1997).

Figure 3B shows that SLPI protects PEPI from proteolysis as detected by

western analysis. Either human or mouse SLPI inhibits proteolysis ofmouse PEPI

(100 ng/lane) by elastase. Samples were incubated at 37''C for 30 min and westem

1 0 blotted with anti-FLAG antibody.

Figure 3C shows that wild type and mutant SLPI protect PEPI from

proteolysis. Mutant SLPI lacking anti-elastase activity (at a concentration of 2 ^iM)

inhibits elastase-mediated proteolysis ofPEPI but not ofmouse brain tubulin.

Proepithelin or tubulin (100 ng/lane) was incubated with 0.1 U/ml ofhuman elastase

15 with the indicated reagents at 3TC for 15 min and westem blotted with anti-PEPI or

anti-tubulin antibody. Abbreviations: SLPIwt, wild type human SLPI (40 nM);

S\.VIL72K, human SLPI Leu72Lys mutant (2 ^iM); BSA, bovine serum albumin (2

KiM).

Figure 3D shows that elastase cleaves PEPI but not EPIs. Pure recombinant

20 human EPI A and B (5 \ig each) were resistant to digestion by elastase (37 ""C, 60

min), but pure recombinant PEPI (5 |ag) was cleaved to discrete fragments as

revealed by SDS-PAGE followed by Coomassie blue staining.

Figure 3E shows that elastase cleaves PEPI within inter-EPI hnkers. N-

terminal sequences ofthe indicated PEPI fragments were determined by automated

25 Edman degradation and are shown to the right of the westem blot. Arrows indicate

cleavage sites, all ofwhich were in inter-EPI linkers. Each arrowhead marks the

cleavage site that generated the N-terminus of an individual polypeptide. The

identified N-terminal sequences of elastase fragments are underlined. Residues

contained in EPI domains as purified from natural sources are in bold.

30 Figure 4A-D shows the contrasting effects ofPEPI and EPI B on epithelial

cell proliferation and chemokine release. ResuUs are means ± SEM for triplicate



cultures in one representative experiment of three performed (A, B and C). Some

error bars fall within the symbols.

Figures 4A-A and 4A-B illustrate concentration-dependent stimulation of

A549 (4A.A) and SW-13 (4A-B) cell proliferation by human PEPI.

5 Figure 4B illustrates concentration-dependent inhibition ofA549 and SW-13

cell proliferation by himian EPI B.

Figures 4C-A and 4C-B graphically illustrate release of IL-8 from A549

(4C-A) and SW-13 (4C-B) cells in response to EPI B but not PEPI.

Figure 4D graphically illustrates induction of IL-8 by elastase-digested

10 PEPL Results are means ± SEM (n=7). *, p< 0.03 compared with controls.

Figure 5A-C illustrates that PEPI and SLPI, but not EPIs, suppress the TNF-

induced respiratory burst of adherent human neutrophils. Results are means ± SEM

for nmol H2O2 produced by 1.5x10^ cells/well in triplicate cultures in one

representative experiment of the 3-6 experiments (A), or 3 experiments (B) and (C)

1 5 performed. Most error bars fall within the symbols.

Figures 5A-A, A-B and A-C show that human PEPI (5A-B) but not EPIs A
or B (5A-C) inhibited the respiratory burst triggered by TNF, but had no effect on

the respiratory burst triggered by PMA (5A-A). The graphs plot release ofH2O2

(nmol) as a function of time.

20 Figures 5B-A, 5B-B and 5B-C show the effect of delayed addition of PEPI,

SLPI or the combination ofPEPI+SLPI on the TNF-triggered respiratory burst. The

graphs plot release ofH2O2 (nmol) as a function of time. PEPI and/or SLPI were

added with TNF (5B-A) or 30 min (5B-B) or 100 min (5B-C) after TNF as marked

by the arrows.

25 Figure 5C shows SLPI and PEPI augment each other's inhibitory effect on

TNF-induced neutrophil activation. The bar graph shown provides cumulative

H2O2 release 120 min after addition ofTNF (100 ng/ml), PEPI (0.3 |liM) and/or

SLPI (3 ^iM). Results are from one of three similar experiments.

Figure 6A-D shows that PEPI inhibits neutrophil degranulation, Pyk2

30 phosphorylation and spreading.
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Figure 6A is a bar graph showing proteinase activity in the conditioned

media ofneutrophils 180 min after exposure to TNF (100 ng/ml) and/or PEPI (1

nM). Proepithelin inhibited TNF-induced degranulation without affecting cell

viability, measured as release of the cytosolic enzyme lactate dehydrogenase (LDH).

5 Total activity corresponded to 1 .66 (A49o-A6oo)-

Figure 6B illustrates that the serine protease inhibitor diisopropyl

fluorophosphates (DFP) and SLPI both inhibit PEPI degradation by PMA stimulated

neutrophils (PMN) (compare lanes 4, 5 and 6). Human Flag-tagged PEPI (100

ng/lane) was incubated with conditioned medium from PMA simulated neutrophils

10 (PMN) at 37°C for 30 min in the presence ofDFP (2 ng/ml) or human SLPI (10

nM). Samples were western blotted with anti FLAG antibody.

Figure 6C illustrates that neutrophils convert from spherical (a, b) to spread

forms (c-f) 60 min after addition ofPMA (100 ng/ml) (c, d) or TNF (100 ng/ml) (e,

0- PEPI (1 nM) selectively arrested spreading induced by TNF (f). Bar, 10 \im.

1 5 Figure 6D illustrates that PEPI suppresses TNF-induced tyrosine

phosphorylation ofPyk2 in neutrophils. Cell lysates (50 \ig) from PEPI or

ovalbumin (OVA) pretreated (30 min) and TNF-stimulated (45 min) neutrophils

were fractionated on SDS-PAGE and western blotted with indicated antibodies.

Figure 7A-D illusfrates the impact ofPEPI on wound healing.

20 Figure 7A illustrates that there is increased expression of PEPI and SLPI in

wounds of wild type mice, and ofPEPI in wounds of SLPI knockout (KO) mice.

Wounds were collected 3 days after incision and subjected to Northern blot.

Figure 7B illustrates that healing in a SLPIKO mouse is accelerated when

the wounds are treated with PEPI. Wounds treated with SLPI (1 ng) or PEPI (a, 1

25 ng; b, 5 \ig) healed faster than PBS-treated controls.

Figure 7C-A to 7C-D shows that administration ofPEPI improves wound

healing in SLPI KO mice. The photomicrographs show sections of the wound

lesion obtained 3 days after wounding. The wounds were treated with PBS (control,

7C-A), SLPI (1 ng/site) or PEPI (1 ^g/site, 7C-C) as indicated. The bar graphs in

30 Figures 7C-B and 7C-D show the width ofwound (7C-B) or wound area (7C-D).

Means ± SEM are shown for the number ofwounds indicated. Significance was



assessed by ANOVA followed by Fisher's test. *, p = 0.001; **, p < 0.001; #, p =

0.004; ##,p = 0.002.

Figure 7D provides a diagram of the types of interactions exhibited by SLPI,

PEPI and elastase relevant to early (host defense; red) and late (host recovery;

5 green) events in wound healing. For simplicity, the roles of other molecules such as

TGFp (Aschroft et al., 1999), plasmin (Romer et al., 1996) and fibrinogen (Drew et

al., 2001) are not shown. In the steady state epithelia, SLPI is abundant, elastase-

like proteinases are scant, and PEPI is intact. PEPI inhibits the activation of the few

neutrophils that find their way into healthy epithelia, and promotes epithelial

10 regeneration to replace cells that are shed. With injury, epithelial cell production of

SLPI and PEPI declines. Mast cells and immigrant leukocytes release proteinases

that convert PEPI to EPIs. EPIs restrict premature epithelial repair (that is, wound

closure before sterilization) while promoting the release of IL-8 or its functional

equivalents in the mouse, which elicits the recruitment ofmore neutrophils to fight

15 infection. Oxidants released by neutrophils inactivate SLPI (Carp and Janoff, 1980),

allowing elastase to generate more EPIs. Eventually, exudation ofplasma SLPI and

the delayed immigration ofmacrophages (Rappolee and Werb, 1988; Witte and

Barbul 1997) that release copious SLPI and PEPI push the PEPI-EPI equilibrium

back toward PEPI. Once the concentration ofPEPI increases, PEPI prevents

20 neutrophils fi-om discharging cytotoxic, SLPI-inactivating oxidants and PEPI-

digesting proteinases and drives epithelial cells into cycle. In such a manner the

interaction of SLPI with PEPI can coordinate the innate immune response with the

healing ofwounds.

25 Detailed Description of the Inventioii

The invention provides compositions and methods for healing wounds.

Such compositions and methods employ proepithelins that can enhance wound

healing, inhibit neutrophils fi-om discharging cytotoxic, SLPI-inactivating oxidants

and PEPI-digesting proteinases and can stimulate epithelial cell proliferation. In

30 other embodiments, the invention provides compositions and methods for inhibiting

release of cytotoxic oxidants fi"om neutrophils that employ proepithelins.



Proepithelins and Epithelins

Epithelins (EPIs), or granulins, are a group of seven mutually homologous, 6

kDa peptides, each characterized by the presence of six disulfide bridges. The

5 function ofEPIs has been elusive despite their evolutionary conservation in plants,

insects, fish, worms and mammals (Avrova et al, 1999; Belcourt et al., 1993; Couto

et al, 1992; Hong and Kang, 1999). EPIs have been isolated firom diverse tissues

and body fluids (Bateman et al., 1990; Belcourt et al, 1993; Shoyab et al., 1990;

Sparroet al., 1997).

10 Proepithelin, also known as progranulin, PC-cell derived growth factor or

acrogranin, has been purified fi-om the conditioned media of transformed cell lines

as an autocrine growth factor (Baba et al., 1993; Xu et al., 1998; Zhou et al., 1993).

Molecular cloning indicates that proepithelin is comprised ofone copy of each

epithelin plus a halfcopy of an eighth epithelin, with short peptides linking the EPI

15 domains (Bhandari et al, 1992; Plowman et al., 1992). NMR studies of a carp EPI

revealed a compact globular structure, leading to the suggestion that EPIs are strung

in proepithelin-like beads on a necklace (Hrabal et al., 1996). A proepithelin

convertase was thought to generate the various EPIs post-translationally (Bateman

and Bennett, 1998; Bhandari et al., 1992; Plowman et al., 1992). However, until

20 now the enzyme(s) that convert proepithelin to the various epithelins have not been

identified. Nor have the conditions or regulatory factors controlling such

conversion been identified, or even the effects of such conversion.

Many examples of nucleotide and amino acid proepithelin sequences are

available, for example, in the database provided by the National Center for

25 Biotechnology Information (NCBI) {see http://www.ncbi.nlm.nih.gov/). The

invention contemplates use ofany mammalian proepithelin available to one of skill

in the art in the compositions and methods of the invention.

One example of a human sequence for proepithelin is the amino acid

sequence at NCBI accession number P28799 (gi: 121617). See website at

30 ncbi.nhn.nih.gov. The amino acid sequence for this proepithelin protein is provided

below (SEQIDN0:1).



1 MWTLVSWVAL TAGLVAGTRC PDGQFCPVAC CLDPGGASYS

41 CCRPLLDKWP TTLSRHLGGP CQVDAHCSAG HSCIFTVSGT

81 SSCCPFPEAV ACGDGHHCCP RGFHCSADGR SCFQRSGNNS

5 121 VGAIQCPDSQ FECPDFSTCC VMVDGSWGCC PMPQASCCED

161 RVHCCPHGAF CDLVHTRCIT PTGTHPLAKK LPAQRTNRAV

201 ALSSSVMCPD ARSRCPDGST CCELPSGKYG CCPMPNATCC

241 SDHLHCCPQD TVCDLIQSKC LSKENATTDL LTKLPAHTVG

281 DVKCDMEVSC PDGYTCCRLQ SGAWGCCPFT QAVCCEDHIH

10 321 CCPAGFTCDT QKGTCEQGPH QVPWMEKAPA HLSLPDPQAL

361 KRDVPCDNVS SCPSSDTCCQ LTSGEWGCCP IPEAVCCSDH

401 QHCCPQGYTC VAEGQCQRGS EIVAGLEKMP ARRASLSHPR

441 DIGCDQHTSC PVGGTCCPSL GGSWACCQLP HAVCCEDRQH

481 CCPAGYTCNV KARSCEKEW SAQPATFLAR SPHVGVKDVE

15 521 CGEGHFCHDN QTCCRDNRQG WACCPYRQGV CCADRRHCCP

561 AGFRCAARGT KCLRREAPRW DAPLRDPALR QLL

Another example of a human sequence for proepithelin is the amino acid

sequence at NCBI accession number MP 002078 (gi: 4504151). See website at

20 ncbi.nbn.nih.gov. The amino acid sequence for this proepithelin protein is provided

below (SEQ ID N0:2).

1 MWTLVSWVAL TAGLVAGTRC PDGQFCPVAC CLDPGGASYS

41 CCRPLLDKWP TTLSRHLGGP CQVDAHCSAG HSCIFTVSGT

25 81 SSCCPFPEAV ACGDGHHCCP RGFHCSADGR SCFQRSGNNS

121 VGAIQCPDSQ FECPDFSTCC VMVDGSWGCC PMPQASCCED

161 RVHCCPHGAF CDLVHTRCIT PTGTHPLAKK LPAQRTNRAV

201 ALSSSVMCPD ARSRCPDGST CCELPSGKYG CCPMPNATCC

241 SDHLHCCPQD TVCDLIQSKC LSKENATTDL LTKLPAHTVG

30 281 DVKCDMEVSC PDGYTCCRLQ SGAWGCCPFT QAVCCEDHIH

321 CCPAGFTCDT QKGTCEQGPH QVPWMEKAPA HLSLPDPQAL



361 KRDVPCDNVS SCPSSDTCCQ LTSGEWGCCP IPEAVCCSDH

401 QHCCPQGYTC VAEGQCQRGS EIVAGLEKMP ARRASLSHPR

441 DIGCDQHTSC PVGQTCCPSL GGSWACCQLP HAVCCEDRQH

481 CCPAGYTCNV KARSCEKEW SAQPATFLAR SPHVGVKDVE

5 521 CGEGHFCHDN QTCCRDNRQG WACCPYRQGV CCADRRHCCP

561 AGFRCAARGT KCLRREAPRW DAPLRDPALR QLL

Nucleotide sequences for proepithelin polypeptides from various species are

also available, for example, in the database provided by the National Center for

10 Biotechnology Information (NCBI) {see http://www.ncbi.nbn.nih.gov/). One

example of a nucleotide sequence for a human proepithelin protein is available at

accession number NM 002087 (gi: 4504150). The nucleic acid sequence for this

human SLPI is provided below (SEQ ID N0:3).

1 GTAGTCTGAG CGCTACCCGG TTGCTGCTGC CCAAGGACCG

15 41 CGGAGTCGGA CGCAGGCAGA CCATGTGGAC CCTGGTGAGC

81 TGGGTGGCCT TAACAGCAGG GCTGGTGGCT GGAACGCGGT

121 GCCCAGATGG TCAGTTCTGC CCTGTGGCCT GCTGCCTGGA

161 CCCCGGAGGA GCCAGCTACA GCTGCTGCCG TCCCCTTCTG

201 GACAAATGGC CCACAACACT GAGCAGGCAT CTGGGTGGCC

20 241 CCTGCCAGGT TGATGCCCAC TGCTCTGCCG GCCACTCCTG

281 CATCTTTACC GTCTCAGGGA CTTCCAGTTG CTGCCCCTTC

321 CCAGAGGCCG TGGCATGCGG GGATGGCCAT CACTGCTGCC

361 CACGGGGCTT CCACTGCAGT GCAGACGGGC GATCCTGCTT

401 CCAAAGATCA GGTAACAACT CCGTGGGTGC CATCCAGTGC

25 441 CCTGATAGTC AGTTCGAATG CCCGGACTTC TCCACGTGCT

481 GTGTTATGGT CGATGGCTCC TGGGGGTGCT GCCCCATGCC

521 CCAGGCTTCC TGCTGTGAAG ACAGGGTGCA CTGCTGTCCG

561 CACGGTGCCT TCTGCGACCT GGTTCACACC CGCTGCATCA

601 CACCCACGGG CACCCACCCC CTGGCAAAGA AGCTCCCTGC

30 641 CCAGAGGACT AACAGGGCAG TGGCCTTGTC CAGCTCGGTC

681 ATGTGTCCGG ACGCACGGTC CCGGTGCCCT GATGGTTCTA

11



721 CCTGCTGTGA GCTGCCCAGT GGGAAGTATG GCTGCTGCCC

761 AATGCCCAAC GCCACCTGCT GCTCCGATCA CCTGCACTGC

801 TGCCCCCAAG ACACTGTGTG TGACCTGATC CAGAGTAAGT

841 GCCTCTCCAA GGAGAACGCT ACCACGGACC TCCTCACTAA

5 881 GCTGCCTGCG CACACAGTGG GGGATGTGAA ATGTGACATG

921 GAGGTGAGCT GCCCAGATGG CTATACCTGC TGCCGTCTAC

961 AGTCGGGGGC CTGGGGCTGC TGCCCTTTTA CCCAGGCTGT

1001 GTGCTGTGAG GACCACATAC ACTGCTGTCC CGCGGGGTTT

1041 ACGTGTGACA CGCAGAAGGG TACCTGTGAA CAGGGGCCCC

10 1081 ACCAGGTGCC CTGGATGGAG AAGGCCCCAG CTCACCTCAG

1121 CCTGCCAGAC CCACAAGCCT TGAAGAGAGA TGTCCCCTGT

1161 GATAATGTCA GCAGCTGTCC CTCCTCCGAT ACCTGCTGCC

1201 AACTCACGTC TGGGGAGTGG GGCTGCTGTC CAATCCCAGA

1241 GGCTGTCTGC TGCTCGGACC ACCAGCACTG CTGCCCCCAG

15 1281 GGCTACACGT GTGTAGCTGA GGGGCAGTGT CAGCGAGGAA

1321 GCGAGATCGT GGCTGGACTG GAGAAGATGC CTGCCCGCCG

1361 GGCTTCCTTA TCCCACCCCA GAGACATCGG CTGTGACCAG

1401 CACACCAGCT GCCCGGTGGG GCAGACCTGC TGCCCGAGCC

1441 TGGGTGGGAG CTGGGGCTGC TGCCAGTTGC CCCATGCTGT

20 1481 GTGCTGCGAG GATCGCCAGC ACTGCTGCCC GGCTGGCTAC

1521 ACCTGCAACG TGAAGGCTCG ATCCTGCGAG AAGGAAGTGG

1561 TCTCTGCCCA GCCTGCCACC TTCCTGGCCC GTAGCCCTCA

1601 CGTGGGTGTG AAGGACGTGG AGTGTGGGGA AGGACACTTC

1641 TGCCATGATA ACCAGACCTG CTGCCGAGAC AACCGACAGG

25 1681 GCTGGGCCTG CTGTCCCTAC CGCCAGGGCG TCTGTTGTGC

1721 TGATCGGCGC CACTGCTGTC CTGCTGGCTT CCGCTGCGCA

1761 GCCAGGGGTA CCAAGTGTTT GCGCAGGGAG GCCCCGCGCT

1801 GGGACGCCCC TTTGAGGGAC CCAGCCTTGA GACAGCTGCT

1841 GTGAGGGACA GTACTGAAGA CTCTGCAGCC CTCGGGACCC

30 1881 CACTCGGAGG GTGCCCTCTG CTCAGGCCTC CCTAGCACCT

1921 CCCCCTAACC AAATTCTCCC TGGACCCCAT TCTGAGCTCC

12



1961 CCATCACCAT GGGAGGTGGG GCCTCAATCT AAGGCCTTCC

2001 CTGTCAGAAG GGGGTTGTGG CAAAAGCCAC ATTACAAGCT

2041 GCCATCCCCT CCCCGTTTCA GTGGACCCTG TGGCCAGGTG

2081 CTTTTCCCTA TCCACAGGGG TGTTTGTGTG TGTGCGCGTG

5 2121 TGCGTTTCAA TAAAGTTTGT ACACTTTCAA AAAAAAAAAA

2161 AAAAAAAAAA AAAAAAAA

One example of a mouse sequence for proepithelin is the amino acid

sequence at NCBI accession number P28798 (gi: 585216). See website at

10 ncbi.nlm.nih.gov. The amino acid sequence for this proepithelin protein is provided

below (SEQ ID N0:4).

1 MWVLMSWLAF AAGLVAGTQC PDGQFCPVAC CLDQGGANYS

41 CCNPLLDTWP RITSHHLDGS CQTHGHCPAG YSCLLTVSGT

81 SSCCPFSKGV SCGDGYHCCP QGFHCSADGK SCFQMSDNPL

15 121 GAVQCPGSQF ECPDSATCCI MVDGSWGCCP MPQASCCEDR

161 VHCCPHGASC DLVHTRCVSP TGTHTLLKKF PAQKTNRAVS

201 LPFSWCPDA KTQCPDDSTC CELPTGKYGC CPMPNAICCS

241 DHLHCCPQDT VCDLIQSKCL SKNYTTDLLT KLPGYPVKEV

281 KCDMEVSCPE GYTCCRLNTG AWGCCPFAKA VCCEDHIHCC

20 321 PAGFQCHTEK GTCEMGILQV PWMKKVIAPL RLPDPQILKS

361 DTPCDDFTRC PTNNTCCKLN SGDWGCCPIP EAVCCSDNQH

401 CCPQGFTCLA QGYCQKGDTM VAGLEKIPAR QTTPLQIGDI

441 GCDQHTSCPV GQTCCPSLKG SWACCQLPHA VCCEDRQHCC

481 PAGYTCNVKA RTCEKDVDFI QPPVLLTLGP KVGNVECGEG

25 521 HFCHDNQTCC KDSAGVWACC PYLKGVCCRD GRHCCPGGFH

561 CSARGTKCLR KKIPRWDMFL RDPVPRPLL

Another example ofa mouse sequence for proepithelin is the amino acid

sequence at NCBI accession number NP 032201 (gi: 6680107). See website at

30 ncbi.nhn.nih.gov. The amino acid sequence for this proepithelin protein is provided

below (SEQ ID N0:5).
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1 MWVLMSWLAF AAGLVAGTQC PDGQFCPVAC CLDQGGANYS

41 CCNPLLDTWP RITSHHLDGS CQTHGHCPAG YSCLLTVSGT

81 SSCCPFSKGV SCGDGYHCCP QGFHCSADGK SCFQMSDNPL

121 GAVQCPGSQF ECPDSATCCI MVDGSWGCCP MPQASCCEDR

5 161 VHCCPHGASC DLVHTRCVSP TGTHTLLKKF PAQKTNRAVS

201 LPFSWCPDA KTQCPDDSTC CELPTGKYGC CPMPNAICCS

241 DHLHCCPQDT VCDLIQSKCL SKNYTTDLLT KLPGYPVKEV

281 KCDMEVSCPE GYTCCRLNTG AWGCCPFAKA VCCEDHIHCC

321 PAGFQCHTEK GTCEMGILQV PWMKKVIAPL RLPDPQILKS

10 361 DTPCDDFTRC PTNNTCCKLN SGDWGCCPIP EAVCCSDNQH

401 CCPQGFTCLA QGYCQKGDTM VAGLEKIPAR QTTPLQIGDI

441 GCDQHTSCPV GQTCCPSLKG SWACCQLPHA VCCEDRQHCC

481 PAGYTCNVKA RTCEKDVDFI QPPVLLTLGP KVGNVECGEG

521 HFCHDNQTCC KDSAGVWACC PYLKGVCCRD GRHCCPGGFH

15 561 CSARGTKCLR KKIPRWDMFL RDPVPRPLL

One example of a nucleotide sequence for a mouse proepithelin protein is

available at accession numberNM 008175 (gi: 31982323). The nucleic acid

sequence for this human SLPI is provided below (SEQ ID N0:6).

20

1 GAGATGCCTC CCAGGGAGCC CGGACCCCGA CGCAGGCAGA

41 CCATGTGGGT CCTGATGAGC TGGCTGGCCT TCGCGGCAGG

81 GCTGGTAGCC GGAACACAGT GTCCAGATGG GCAGTTCTGC

121 CCTGTTGCCT GCTGCCTTGA CCAGGGAGGA GCCAACTACA

161 GCTGCTGTAA CCCTCTTCTG GACACATGGC CTAGAATAAC

201 GAGCCATCAT CTAGATGGCT CCTGCCAGAC CCATGGCCAC

241 TGTCCTGCTG GCTATTCTTG TCTTCTCACT GTGTCTGGGA

281 CTTCCAGCTG CTGCCCGTTC TCTAAGGGTG TGTCTTGTGG

321 TGATGGCTAC CACTGCTGCC CCCAGGGCTT CCACTGTAGT

361 GCAGATGGGA AATCCTGCTT CCAGATGTCA GATAACCCCT

401 TGGGTGCTGT CCAGTGTCCT GGGAGCCAGT TTGAATGTCC
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441 TGACTCTGCC ACCTGCTGCA TTATGGTTGA TGGTTCGTGG

481 GGATGTTGTC CCATGCCCCA GGCCTCTTGC TGTGAAGACA

521 GAGTGCATTG CTGTCCCCAT GGGGCCTCCT GTGACCTGGT

561 TCACACACGA TGCGTTTCAC CCACGGGCAC CCACACCCTA

5 601 CTAAAGAAGT TCCCTGCACA AAAGACCAAC AGGGCAGTGT

641 CTTTGCCTTT TTCTGTCGTG TGCCCTGATG CTAAGACCCA

681 GTGTCCCGAT GATTCTACCT GCTGTGAGCT ACCCACTGGG

721 AAGTATGGCT GCTGTCCAAT GCCCAATGCC ATCTGCTGTT

761 CCGACCACCT GCACTGCTGC CCCCAGGACA CTGTATGTGA

10 801 CCTGATCCAG AGTAAGTGCC TATCCAAGAA CTACACCACG

841 GATCTCCTGA CCAAGCTGCC TGGATACCCA GTGAAGGAGG

881 TGAAGTGCGA CATGGAGGTG AGCTGCCCTG AAGGATATAC

921 CTGCTGCCGC CTCAACACTG GGGCCTGGGG CTGCTGTCCA

961 TTTGCCAAGG CCGTGTGTTG TGAGGATCAC ATTCATTGCT

15 1001 GCCCGGCAGG GTTTCAGTGT CACACAGAGA AAGGAACCTG

1041 CGAAATGGGT ATCCTCCAAG TACCCTGGAT GAAGAAGGTC

1081 ATAGCCCCCC TCCGCCTGCC AGACCCACAG ATCTTGAAGA

1121 GTGATACACC TTGTGATGAC TTCACTAGGT GTCCTACAAA

1161 CAATACCTGC TGCAAACTCA ATTCTGGGGA CTGGGGCTGC

20 1201 TGTCCCATCC CAGAGGCTGT CTGCTGCTCA GACAACCAGC

1241 ATTGCTGCCC TCAGGGCTTC ACATGTCTGG CTCAGGGGTA

1281 CTGTCAGAAG GGAGACACAA TGGTGGCTGG CCTGGAGAAG

1321 ATACCTGCCC GCCAGACAAC CCCGCTCCAA ATTGGAGATA

1361 TCGGTTGTGA CCAGCATACC AGCTGCCCAG TAGGGCAAAC

25 1401 CTGCTGCCCA AGCCTCAAGG GAAGTTGGGC CTGCTGCCAG

1441 CTGCCCCATG CTGTGTGCTG TGAGGACCGG CAGCACTGTT

1481 GCCCGGCCGG GTACACCTGC AATGTGAAGG CGAGGACCTG

1521 TGAGAAGGAT GTCGATTTTA TCCAGCCTCC CGTGCTCCTG

1561 ACCCTCGGCC CTAAGGTTGG GAATGTGGAG TGTGGAGAAG

30 1601 GGCATTTCTG CCATGATAAC CAGACCTGTT GTAAAGACAG

1641 TGCAGGAGTC TGGGCCTGCT GTCCCTACCT AAAGGGTGTC

15



1681 TGCTGTAGAG ATGGACGTCA CTGTTGCCCC GGTGGCTTCC

1721 ACTGTTCAGC CAGGGGAACC AAGTGTTTGC GAAAGAAGAT

1761 TCCTCGCTGG GACATGTTTT TGAGGGATCC GGTCCCAAGA

1801 CCGCTACTGT AAGGAAGGGC TACAGACTTA AGGAACTCCA

1841 CAGTCCTGGG AACCCTGTTC CGAGGGTACC CACTACTCAG

1881 GCCTCCCTAG CGCCTCCTCC CCTAACGTCT CCCCGGCCTA

1921 CTCATCCTGA GTCACCCTAT CACCATGGGA GGTGGAGCCT

1961 CAAACTAAAA CCTTCTTTTA TGGAAAGAAG GCTGTGGCCA

2001 AAAGCCCCGT ATCAAACTGC CATTTCTTCC GGTTTCTGTG

2041 GACCTTGTGG CCAGGTGCTC TTCCCGAGCC ACAGGTGTTC

2081 TGTGAGCTTG CTTGTGTGTG TGTGCGCGTG TGCGTGTGTT

2121 GCTCCAATAA AGTTTGTACA CTTTC

According to the invention, proepithelin can bind secretory leukocyte

1 5 protease inhibitor polypeptides.

Secretory leukocyte protease inhibitor

Secretory leukocyte protease inhibitor (SLPI) is a protein named for its

presence in epithelial secretions and its ability to inhibit neutrophil elastase and

20 cathepsin G. SLPI is comprised oftwo 6-kDa, mutually homologous peptides, each

with 4 disulfide bonds, connected by a short linker (Grutter et al., 1988). It was

recently discovered that macrophages and neutrophils also produce SLPI (Jin et al.,

1997; Sallenave et al., 1997; Song et al., 1999) and that SLPI exerts anti-

inflammatory actions on both macrophages (Jin et al, 1997; Zhang et al.
, 1997;

25 Zhu et al., 1999; Song et al., 1999) and neutrophils (Grobmyer et al, 2000). SLPI

circulates in plasma, and the levels rise after injection of endotoxin and during

sepsis (Grobmyer et al., 2000). At 12 kDa, SLPI is one of the smallest serine

proteinase inhibitors in plasma. This may favor its selective accumulation in

tissues, where SLPI appears to constitute the major inhibitory activity toward serine

30 proteinases (Sallenave et al., 1997).
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One example of a human sequence for SLPl is the amino acid sequence at

NCBI accession number AAH20708 (gi: 18088405). See website at

ncbi.nlm.nih.gov. The amino acid sequence for this SLPI protein is provided below

(SEQ ID NO: 7).

1 MKSSGLFPFL VLLALGTLAP WAVEGSGKSF KAGVCPPKKS

41 AQCLRYKKPE CQSDWQCPGK KRCCPDTCGI KCLDPVDTPN

81 PTRRKPGKCP VTYGQCLMLN PPNFCEMDGQ CKRDLKCCMG

121 MCGKSCVSPV KA

Nucleotide sequences for SLPI polypeptides from various species are

available, for example, in the database provided by the National Center for

Biotechnology Information (NCBI) (see http://vmw.ncbi.nlm.nih.gov/). One

example of a nucleotide sequence for this human SLPI protein is available at

accession number BC020708 (gi: 18088404). The nucleic acid sequence for this

human SLPI is provided below (SEQ ID N0:8).

1 AGAGTCACTC CTGCCTTCAC CATGAAGTCC AGCGGCCTCT

41 TCCCCTTCCT GGTGCTGCTT GCCCTGGGAA CTCTGGCACC

81 TTGGGCTGTG GAAGGCTCTG GAAAGTCCTT CAAAGCTGGA

121 GTCTGTCCTC CTAAGAAATC TGCCCAGTGC CTTAGATACA

161 AGAAACCTGA GTGCCAGAGT GACTGGCAGT GTCCAGGGAA

201 GAAGAGATGT TGTCCTGACA CTTGTGGCAT CAAATGCCTG

241 GATCCTGTTG ACACCCCAAA CCCAACAAGG AGGAAGCCTG

281 GGAAGTGCCC AGTGACTTAT GGCCAATGTT TGATGCTTAA

321 CCCCCCCAAT TTCTGTGAGA TGGATGGCCA GTGCAAGCGT

361 GACTTGAAGT GTTGCATGGG CATGTGTGGG AAATCCTGCG

401 TTTCCCCTGT GAAAGCTTGA TTCCTGCCAT ATGGAGGAGG

441 CTCTGGAGTC CTGCTCTGTG TGGTCCAGGT CCTTTCCACC

481 CTGAGACTTG GCTCCACCAC TGATATCCTC CTTTGGGGAA

521 AGGCTTGGCA CACAGCAGGC TTTCAAGAAG TGCCAGTTGA

561 TCAATGAATA AATAAACGAG CCTATTTCTC TTTGCAAAAA

601 AAAAAAAAAA AAAAAAAAAA AAAAA
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One example of a mouse sequence for SLPI is the amino acid sequence at

accession number NP 035544 (gi:6755574). See website at ncbi.nbn.nih.gov. The

amino acid sequence for this mouse SLPI is provided below (SEQ ID N0:9).

5 1 MKSCGLLPFT VLLALGILAP WTVEGGKNDA IKIGACPAKK

41 PAQCLKLEKP QCRTDWECPG KQRCCQDACG SKCVNPVPIR

81 KPVWRKPGRC VKTQARCMML NPPNVCQRDG QCDGKYKCCE

121 GICGKVCLPP M

10 One example of a mouse sequence for SLPI is the nucleic acid sequence at

accession number NM 01 1414 (gi:6755573). See website at ncbi.nlm.nih.gov. The

nucleic acid sequence for this mouse SLPI is provided below (SEQ ID NO: 10).

1 GGCACGAGGG ATGCCAAACC CCTACCTAAC CAGAAGAAGA

41 GAAGAAAGGC CACTGCCGAG GTCACTTCCA GTACTTGGAG

15 81 GAGAAAGCAA CGTTCCCATT TACAGCTGAG TAACAGGAGC

121 CACAAGGTAT GTCTGACTCA AAAGTTCAGG CTCTCGATGA

161 CTGTGCGGTG CTGCCCAGTG TGTCTTCTTC AATGTAACCT

201 CAGGACCTAG AACAGCACCT TGCATGTGCT CTCAGGTGGT

241 TACTCTGATG GCCTCATGGT CCTGCCTGAA ACAGAAAGTC

20 281 TGCCACCTAC TTCTGTAGCA GCAAGACTCC TGTTCTGTGG

321 CTAAGCTTCC TGCCTGTGCA AGAGCCACAG GGAGGGGCCA

361 AATGCATGCC ACTGGGGCCA CGCCTCCTGG TAAAGACATA

401 AATAGTGATC CTCGGGACTG GTCATCAGAG CTCCCCTGCC

441 TTCACCATGA AGTCCTGCGG CCTTTTACCT TTCACGGTGC

25 481 TCCTTGCTCT GGGGATCCTG GCACCCTGGA CTGTGGAAGG

521 AGGCAAAAAT GATGCTATCA AAATCGGAGC CTGCCCTGCT

561 AAAAAGCCTG CCCAGTGCCT TAAGCTTGAG AAGCCACAAT

601 GCCGTACTGA CTGGGAGTGC CCGGGAAAGC AGAGGTGCTG

641 CCAAGATGCT TGCGGTTCCA AGTGCGTGAA TCCTGTTCCC

30 681 ATTCGCAAAC CAGTGTGGAG GAAGCCTGGG AGGTGCGTCA

721 AAACTCAGGC AAGATGTATG ATGCTTAACC CTCCCAATGT
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761 CTGCCAGAGG GACGGGCAGT GTGACGGCAA ATACAAGTGC

801 TGTGAGGGTA TATGTGGGAA AGTCTGCCTG CCCCCGATGT

841 GAGCCTGATC CCTGACATTG GCGCCGGCTC TGGACTCGTG

881 CTCGGTGTGC TCTGGAAACT ACTTCCCTGC TCCCAGGCGT

921 CCCTGCTCCG GGTTCCATGG CTCCCGGCTC CCTGTATCCC

961 AGGCTTGGAT CCTGTGGACC AGGGTTACTG TTTTACCACT

1001 AACATCTCCT TTTGGCTCAG CATTCACCGA TCTTTAGGGA

1041 AATGCTGTTG GAGAGCAAAT AAATAAACGC ATTCATTTCT

1081 CTATGCAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA

1121 AAA

SLPI and proepithelin have overlapping tissue distribution. Both are

expressed in airway epithelium. SLPI has also been detected in saliva (Thompson

and Ohlsson, 1986), cervical (Helmig et al, 1995), nasal and bronchial mucus

15 (Hutchison, 1987; Lee et al., 1993) and seminal fluid (Ohlsson et al., 1995). In situ

hybridization has shown that proepithelin is expressed in the epithelia of skin, lung,

kidney, uterus and cervix (Daniel et al., 2000). The inventors have confirmed that

proepithelin is expressed in human lung and mouse skin. Finally, the inventors have

previously cloned both SLPI (Jin et al., 1997) and PEPI (see the Examples) from

20 macrophages.

Interactions between SLPI and Proepithelin

The present invention has identified interactions among three molecules

produced by leukocytes and/or epithelial cells: elastase, proepithelin and SLPI.

25 According to the invention, elastase digests proepithelin exclusively in the inter-

epithelin linkers and thus may be an important component of a proepithelin

convertase. However, when bound with SLPI, proepithelin escapes from elastase-

mediated digestion. Moreover, also according to the invention, proepithelin and

EPIs exert contrasting effects on neutrophils and epithelial cells. Importantly,

30 proepithelin can replace SLPI in restoring normal wound healing in SLPI knock-out

mice.
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The invention is therefore also directed to a complex between SLPI and

proepithelin. Studies by the inventors also suggest that SLPI most likely binds

proepithelin at inter-BPI linker peptides, five ofwhich contain negative charges.

Thus, one molecule ofPEPI may be decorated or complex with several molecules of

SLPI.

In another embodiment, the invention is directed to a composition containing

SLPI and proepithelin. Such a composition of SLPI and proepithelin may have any

convenient molar ratio of SLPI and proepithelin. Hence, because the inventors have

some data indicating that several molecules of SLPI bind to one molecule of

proepithelin, the composition can contain more SLPI than proepithelin. In some

embodiments, the molar ratio ofproepithelin to SLPI is about 1 :2, or about 1 :3, or

about 1:4, or about 1:5, or about 1:6, or about 1:7, or about 1:10.

In other embodiments, it may be desirable to have a larger molar ratio of

proepithelin than SLPI. Hence, in some embodiments, the molar ratio of SLPI to

proepithelin is about 1 :2, or about 1 :3, or about 1 :4, or about 1 :5, or about 1 :6, or

about 1 :7, or about 1:10. Other ratios and concentrations of SLPI and proepithelin

may also be employed.

Wound healing and Inflammation

According to the invention, proepithelin can promote wound healing and

reduce inflammation. Hence, the invention provides methods for treating wounds

that involve administration of proepithelin to the wound. The invention also

provides methods for treating wounds that involve administering proepithelin and

SPLI to the wound. In other embodiments, the invention provides methods for

treating wounds that involve administration ofproepithelin to the wound. The

invention also provides methods for treating wounds that involve administering

proepithelin and SPLI to the wound.

SLPI-deficient mice exhibit slow or retarded healing. However, as shown

herein, when proepithelin is administered wounds in SLPI-deficient mice heal

normally (Fig. 7B, C). Proepithelin complexed with SLPI retained the ability to

protect extracellular matrix proteins fibronectin, vitronectin and collagen type I
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from digestion by elastase. The N-terminal domain of SLPI binds

glycosaminoglycans (Mellet et al., 1995; Ying et al, 1994) and in this way SLPI

may serve as a bridge to localize PEPI to epithelial surfaces. This could augment the

bioactivity ofPEPL Binding to epithelial glycosaminoglycans may also position

5 SLPI to protect the glycosaminoglycans from proteolytic shedding during

inflammation (Park et al., 2000).

Hence, the invention is also directed to methods for treating wounds in a

mammal where SLPI levels may be, or are suspected ofbeing, depressed. The

invention is fiirther directed to methods for treating inflammation in a mammal

10 where SLPI levels may be, or are suspected of being, depressed. Such methods

involve administration of proepithelin to the wound. In some embodiments, a

combination of SLPI and proepitheUn can be administered.

Proepithelin potently and specifically inhibited TNF-induced signal

transduction in neutrophils thereby blocking cell spreading, Pyk2 tyrosine

15 phosphorylation, oxidant production and proteinase release. Proepithelin has also

been shown to promote the proliferation of epithelial cells (Fig. 4A) (He and

Bateman, 1999; Xu et al, 1998; Zhang and Serrero, 1998; Zhou et al., 1993).

Hence, proepithelin antagonizes inflammation and promotes re-epithelialization and

wound healing.

20 Fig. 7D summarizes the interactions that may exist between several factors

within the epithelium and during wound healing. Not all factors that are known to

be involved in wound healing are shown. In epithelia in the steady state, SLPI is

abundant, elastase-like proteinases are scant, and proepithelin is intact. Proepithelin

inhibits the activation of the few neutrophils that find their way into healthy

25 epitheUa, and promotes epithelial regeneration to replace cells that are shed.

With injury, epithelial cell production of SLPI and proepithelin declines

(Fig. 7D). Mast cells and inunigrant leukocytes release proteinases that convert

proepithelin to epithelins. Epithelins restrict premature epithelial repair (that is,

wound closure before sterilization) while promoting the release of IL-8 or its

30 functional equivalents in the mouse, which elicits the recruitment of more

neutrophils to fight infection. Oxidants released by neutrophils inactivate SLPI



(Carp and JanofF, 1980), allowing elastase to generate more Epithelins and

perpetuating positive feedback. Eventually, exudation ofplasma SLPI and the

delayed immigration ofmacrophages (Rappolee and Werb, 1988; Witte and Barbul

1997) that release copious SLPI and proepithelin push the proepithelin-epithelin

5 equilibrium back toward proepithelin. Proepithelin prevents neutrophils from

discharging cytotoxic, SLPI-inactivating oxidants and proepithelin-digesting

proteinases and drives epithelial cells to proliferate.

The foregoing interaction scheme is supported by the finding that exogenous

proepithelin was as effective as exogenous SLPI in overcoming the defect in wound

10 healing of SLPI-null mice. These findings suggest that one major consequence of

SLPI deletion appears to be a relative deficiency of intact proepithelin. Of the

molecules protected by SLPI, proepithelin appears to be one of the more important

for timely healing of a wound. The findings described herein also raise the

possibility that healing of refractory wounds might be promoted by the application

15 of proepithelin and SLPI in combination.

The invention contemplates treatment of any type ofwound. In some

embodiments, the wound is a chronic woxmd. Chronic wounds or indolent, non-

healing wounds may arise from different causes including infection, the presence of

foreign bodies or toxic irritants, bums, prolonged cutaneously applied pressure and

20 poor blood supply owing to impaired circulation. In a chronic wound the tissue

homeostasis and the wound environment are compromised so that either healing

fails to occur or healing begins but is subsequently halted. Factors contributing to

the failure of healing in chronic wounds are tissue necrosis, dehydration, chronic

wound edema, fibrotic induration, small blood vessel disease and, as provided

25 herein, an imbalance in proepithelin and/or SPLI levels.

The invention also contemplates treatment or prevention of inflammatory

responses, particularly neutrophil associated inflammatory conditions or diseases.

Inflammatory conditions and diseases that may be prevented or treated with the

proepithelin and/or SLPI compositions of the invention include conditions in which

30 neutrophils are too active and those involving connective tissue degradation or

cartilage degradation. Examples of problematic inflammatory diseases that may be
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treated or prevented include during arthritis, gout, rheumatoid arthritis and other

inflammatory diseases. Other inflammatory diseases and conditions that may be

treated by the compositions and methods of the invention include inflammatory

bowel diseases such as Crohn^s Disease, with or without a presently characterized

and identifiable specific neutrophil disorder (such as Glycogen Storage Disease lb

or Chronic Granulomatous Diseases) pouchitis, fistulas, extraintestinal

manifestations of Crohn's Disease, and Ulcerative Colitis. The Ulcerative Colitis

can be of any extent, including proctitis, proctosigmoiditis, left-sided colitis, pan-

colitis and other types of inflammatory diseases.

Recombinant Production of Polypeptides

Polypeptides of the invention can be made recombinantly using convenient

vectors, expression systems and host cells. The invention therefore provides

expression cassettes, vectors and host cells useful for expressing a proepithelin

polypeptide capable of inhibiting neutrophil activation and promoting wound

healing.

Sequences for human proepithelin nucleic acids can be found in the NCBI

database (see website at ncbi.nlm.nih.gov), then placed in a selected host cell for

recombinant expression of the encoded proepithelin protein. Li some embodiments

an expression cassette or expression vector is employed.

The expression cassettes of the invention include a promoter. Any promoter

able to direct transcription of an encoded polypeptide or polypeptide may be used.

Accordingly, many promoters may be included within the expression cassette of the

invention. Some useful promoters include constitutive promoters, inducible

promoters, regulated promoters, cell specific promoters, viral promoters, and

synthetic promoters. A promoter is a nucleotide sequence that controls expression

of an operably linked nucleic acid sequence by providing a recognition site for RNA
polymerase, and possibly other factors, required for proper transcription. A
promoter includes a minimal promoter, consisting only of all basal elements needed

for transcription initiation, such as a TATA-box and/or other sequences that serve to

specify the site of transcription initiation. A promoter may be obtained from a
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variety of different sources. For example, a promoter may be derived entirely from

a native gene, be composed of different elements derived from different promoters

found in nature, or be composed of nucleic acid sequences that are entirely

synthetic. A promoter may be derived from many different types of organisms and

5 tailored for use within a given cell.

For expression of a polypeptide in a bacterium, an expression cassette

having a bacterial promoter will be used. A bacterial promoter is any DNA

sequence capable ofbinding bacterial RNA polymerase and initiating the

downstream (3") transcription of a coding sequence into mRNA. A promoter will

10 have a transcription initiation region that is usually placed proximal to the 5' end of

the coding sequence. This transcription initiation region usually includes an RNA

polymerase binding site and a transcription initiation site. A second domain called

an operator may be present and overlap an adjacent RNA polymerase binding site at

which RNA synthesis begins. The operator permits negatively regulated (inducible)

1 5 transcription, as a gene repressor protein may bind the operator and thereby inhibit

transcription of a specific gene. Constitutive expression may occur in the absence of

negative regulatory elements, such as the operator. In addition, positive regulation

may be achieved by a gene activator protein binding sequence, which, if present is

usually proximal (5*) to the RNA polymerase binding sequence. An example of a

20 gene activator protein is the cataboUte activator protein (CAP), which helps initiate

transcription of the lac operon in E, coli (Raibaud et al., Ann. Rev. Genet. , 18:173

(1984)). Regulated expression may therefore be positive or negative, thereby either

enhancing or reducing transcription.

Sequences encoding metabolic pathway enzymes provide particularly useful

25 promoter sequences. Examples include promoter sequences derived from sugar

metabolizing enzymes, such as galactose, lactose {lac) (Chang et al.. Nature,

198:1056 (1977), and maltose. Additional examples include promoter sequences

derived from biosynthetic enzymes such as tryptophan (trp) (Goeddel et al., Nuc.

Acids Res., 8:4057 (1980); Yelverton et al., Nuc. Acids Res. , 9:731 (1981); U.S.

30 Pat. No. 4,738,921; and EPO Publ. Nos. 036 776 and 121 775). The p-lactamase

(bla) promoter system (Weissmann, "The cloning of interferon and other mistakes".



in: Interferon 3 (ed. L Gresser), 1981), and bacteriophage lambda Pl (Shimatake et

al., Nature , 292:128 (1981)) and T5 (U.S. Pat No. 4,689,406) promoter systems

also provide useful promoter sequences. A preferred promoter is the Chlorella virus

promoter (U.S. Patent No. 6,316,224).

5 Synthetic promoters that do not occur in nature also function as bacterial

promoters. For example, transcription activation sequences ofone bacterial or

bacteriophage promoter may be joined with the operon sequences of another

bacterial or bacteriophage promoter, creating a synthetic hybrid promoter (U.S. Pat.

No. 4,551,433). For example, the tac promoter is a hybrid trp-lac promoter

10 comprised ofboth trp promoter and lac operon sequences that is regulated by the

lac repressor (Amann et al, Gene, 25:167 (1983); de Boer et al, Proc. Natl. Acad.

Sci. USA, 80:21 (1983)). Furthermore, a bacterial promoter can include naturally

occurring promoters of non-bacterial origin that have the ability to bind bacterial

RNA polymerase and initiate transcription. A naturally occurring promoter of non-

1 5 bacterial origin can also be coupled with a compatible RNA polymerase to produce

high levels of expression of some genes in prokaryotes. The bacteriophage T7 RNA
polymerase/promoter system is an example of a coupled promoter system (Studier

et al., J. MoL Biol, 189:1 13 (1986); Tabor et al, Proc. Natl. Acad. Sci. USA.

82:1074 (1985)). In addition, a hybrid promoter can also be comprised of a

20 bacteriophage promoter and an E. coli operator region (EPO Publ. No. 267 851).

An expression cassette having a baculovirus promoter can be used for

expression of a polypeptide in an insect cell. A baculovirus promoter is any DNA
sequence capable ofbinding a baculovirus RNA polymerase and initiating

transcription of a coding sequence into mRNA. A promoter will have a transcription

25 initiation region that is usually placed proximal to the 5* end of the coding sequence.

This transcription initiation region usually includes an RNA polymerase binding site

and a transcription initiation site. A second domain called an enhancer may be

present and is usually distal to the structural gene. A baculovirus promoter may be a

regulated promoter or a constitutive promoter. Useful promoter sequences may be

30 obtained from structural genes that are transcribed at times late in a viral infection

cycle. Examples include sequences derived from the gene encoding the baculoviral

25



polyhedron protein (Friesen et al., "The Regulation ofBaculovirus Gene

Expression", in: The Molecular Biology of Baculoviruses (ed. Walter Doerfler),

1986; and EPO Publ. Nos. 127 839 and 155 476) and the gene encoding the

baculoviral plO protein (Vlak et al, J. Gen. ViroL. 69:765 (1988)).

5 Promoters that are functional in yeast are known to those of ordinary skill in

the art. In addition to an RNA polymerase binding site and a transcription initiation

site, a yeast promoter may also have a second region called an upstream activator

sequence. The upstream activator sequence permits regulated expression that may

be induced. Constitutive expression occurs in the absence of an upstream activator

10 sequence. Regulated expression may be positive or negative, thereby either

enhancing or reducing transcription.

Promoters for use in yeast may be obtained from yeast genes that encode

enzymes active in metabolic pathways. Examples of such genes include alcohol

dehydrogenase (ADH) (EPO Publ. No. 284 044), enolase, glucokinase, glucose-6-

15 phosphate isomerase, glyceraldehyde-3-phosphatedehydrogenase (GAP or

GAPDH), hexokinase, phosphofructokinase, 3-phosphoglyceratemutase, and

pyruvate kinase (PyK). (EPO Publ. No. 329 203). The yeast PH05 gene, encoding

acid phosphatase, also provides useful promoter sequences. (Myanohara et al., Proc.

Natl Acad. Sci. USA. 80:1 (1983)).

20 Synthetic promoters that do not occur in nature may also be used for

expression in yeast. For example, upstream activator sequences from one yeast

promoter may be joined with the transcription activation region of another yeast

promoter, creating a synthetic hybrid promoter. Examples of such hybrid promoters

include the ADH regulatory sequence linked to the GAP transcription activation

25 region (U.S. Pat. Nos. 4,876,197 and 4,880,734). Other examples ofhybrid

promoters include promoters which consist ofthe regulatory sequences of the

ADH2, GAL4, GALIO, or PH05 genes, combined with the transcriptional

activation region of a glycolytic enzyme gene such as GAP or PyK (EPO Publ. No.

164 556). Furthermore, a yeast promoter can include naturally occurring promoters

30 of non-yeast origin that have the ability to bind yeast RNA polymerase and initiate

transcription. Examples of such promoters are known in the art. (Cohen et al, Proc.
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Natl. Acad. Sci. USA, 77:1078 (1980); Henikoff et al., Nature, 283:835 (1981);

HoUenberg et al., Curr. Topics Microbiol. Immunol. , 96:1 19 (1981)); Hollenberg et

al, "The Expression of Bacterial Antibiotic Resistance Genes in the Yeast

Saccharomyces cerevisiae", in: Plasmids of Medical, Environmental and

5 Commercial Importance (eds. K. N. Timmis and A. Puhler), 1979; (Mercerau-

Puigalon et al., Gene. JT: 163 (1980); Panthier et al, Curr. Genet.. 2: 109 (1980)).

Many mammalian promoters are known in the art that may be used in

conjunction with the expression cassette of the invention. Manmialian promoters

often have a transcription initiating region, which is usually placed proximal to the

10 5' end of the coding sequence, and a TATA box, usually located 25-30 base pairs

(bp) upstream of the transcription initiation site. The TATA box is thought to direct

RNA polymerase II to begin RNA synthesis at the correct site. A mammalian

promoter may also contain an upstream promoter element, usually located within

100 to 200 bp upstream ofthe TATA box. An upstream promoter element

1 5 determines the rate at which transcription is initiated and can act in either

orientation (Sambrook et al., "Expression of Cloned Genes in Mammahan Cells",

in: Molecular Cloning: A Laboratory Manual, 2nd ed., 1989).

Mammalian viral genes are often highly expressed and have a broad host

range; therefore sequences encoding mammalian viral genes often provide usefiil

20 promoter sequences. Examples include the SV40 early promoter, mouse mammary

tumor virus LTR promoter, adenovirus major late promoter (Ad MLP), and herpes

simplex virus promoter. In addition, sequences derived from non-viral genes, such

as the murine metallothionein gene, also provide useful promoter sequences.

Expression may be either constitutive or regulated.

25 A mammalian promoter may also be associated with an enhancer. The

presence of an enhancer will usually increase transcription from an associated

promoter. An enhancer is a regulatory DNA sequence that can stimulate

transcription up to 1000-fold when linked to homologous or heterologous

promoters, with synthesis beginning at the normal RNA start site. Enhancers are

30 active when they are placed upstream or downstream from the transcription

initiation site, in either normal or flipped orientation, or at a distance ofmore than
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1000 nucleotides from the promoter. (Maniatis et al, Science, 236:1237 (1987));

Alberts et al., Molecular Biology of the Cell, 2nd ed., 1989). Enhancer elements

derived from viruses are often times useful, because they usually have a broad host

range. Examples include the SV40 early gene enhancer (Dijkema et al, EMBO J.,

5 4:761 (1985)) and the enhancer/promoters derived from the long terminal repeat

(LTR) of the Rous Sarcoma Virus (Gorman et al, Proc. Natl. Acad. Sci. USA>

79:6777 (1982b)) and from human cytomegalovirus (Boshart et al., Cell 41:521

(1985)). Additionally, some enhancers are regulatable and become active only in the

presence of an inducer, such as a hormone or metal ion (Sassone-Corsi and Borelli,

10 Trends Genet. . 2:215 (1986); Maniatis et al., Science. 236:1237 (1987)).

It is understood that many promoters and associated regulatory elements

may be used within the expression cassette ofthe invention to transcribe an encoded

polypeptide. The promoters described above are provided merely as examples and

are not to be considered as a complete list ofpromoters that are included within the

1 5 scope of the invention.

The expression cassette of the invention may contain a nucleic acid sequence

for increasing the translation efficiency of an mRNA encoding a polypeptide of the

invention. Such increased translation serves to increase production of the

polypeptide. The presence of an efficient ribosome binding site is usefiil for gene

20 expression in prokaryotes. In bacterial mRNA a conserved stretch of six

nucleotides, the Shine-Dalgamo sequence, is usually found upstream ofthe

initiating AUG codon. (Shine et al., Nature , 254:34 (1975)). This sequence is

thought to promote ribosome binding to the mRNA by base pairing between the

ribosome binding site and the 3* end oiEscherichia coli 16S rRNA, (Steitz et al.,

25 "Genetic signals and nucleotide sequences in messenger RNA", in: Biological

Regulation and Development: Gene Expression (ed. R. F. Goldberger), 1979)).

Such a ribosome binding site, or operable derivatives thereof, are included within

the expression cassette of the invention.

A translation initiation sequence can be derived from any expressed

30 Escherichia coli gene and can be used within an expression cassette of the

invention. Preferably the gene is a highly expressed gene. A translation initiation



sequence can be obtained via standard recombinant methods, synthetic techniques,

purification techniques, or combinations thereof, which are all well known.

(Ausubel et al., Current Protocols in Molecular Biology. Green Publishing Associates

and Wiley Interscience, NY. (1989); Beaucage and Caruthers, Tetra. Letts. , 22:1859

5 (1981); VanDevanter et aL, Nucleic Acids Res.. 12:6159 (1984). Alternatively,

translational start sequences can be obtained from numerous commercial vendors.

(Operon Technologies; Life Technologies Inc, Gaithersburg, MD). In some

embodiments, the T7 translation initiation sequence is used. The T7 translation

initiation sequence is derived from the highly expressed T7 Gene 10 cistron and can

1 0 have a sequence that includes TCTAGAAATAATTTTGTTTAACTTTAAG
AAGGAGATATA (SEQ ID NO: 1 1). Other examples of translation initiation

sequences include, but are not limited to, the maltose-binding protein (Mai E gene)

start sequence (Guan et al.. Gene, 67:21 (1997)) present in the pMalc2 expression

vector (New England Biolabs, Beverly, MA) and the translation initiation sequence

15 for the following genes: thioredoxin gene (Novagen, Madison, WI), Glutathione-S-

transferase gene (Pharmacia, Piscataway, NJ), p-galactosidase gene,

chloramphenicol acetyltransferase gene and E. coli Trp E gene (Ausubel et a/.,

1989, Current Protocols in Molecular Bioloev. Chapter 16, Green Publishing

Associates and Wiley Interscience, NY).

20 Eucaryotic mRNA does not contain a Shine-Dalgamo sequence. Instead, the

selection of the translational start codon is usually determined by its proximity to

the cap at the 5' end of an mRNA. The nucleotides immediately surrounding the

start codon in eucaryotic mRNA influence the efficiency of translation.

Accordingly, one skilled in the art can determine what nucleic acid sequences will

25 increase translation of a polypeptide encoded by the expression cassette of the

invention. Such nucleic acid sequences are within the scope ofthe invention.

The invention therefore provides an expression cassette or expression vector

that includes a promoter operable in a selected host and a nucleic acid encoding a

polypeptide having, for example, any one ofSEQ ID N0:1, 2, 4, or 5. The

30 expression cassette can have other elements, for example, termination signals,
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origins of replication, enhancers, and the like as described herein. The expression

cassette can also be placed in a vector for easy replication and maintenance.

In one embodiment, the proepithelins of the invention can be expressed in

yeast. While yeast are sometimes not used for expression ofmammalian proteins,

because glycosylation and disulfide bond formation might not be correctly

reproduced in the yeast cytosol, this concern was not a problem in experiments

provided herein. Yeast produced proepithelins were able to form a complex with

SLPI (over 80% ofthe yeast proepithelin clones characterized were capable of SPLI

binding).

Moreover, human proepithelin (aa 18-593) and mouse proepithelin (aa 18-

589) were recombinantly produced in insect and mammalian cells with secretion

being driven by the human proepithelin signal peptide (aa 1-17). Human and mouse

nucleic acids encoding proepithelin with an N-terminal FLAG-6xHis tag were

inserted into a baculovirus vector. Recombinant baculovirus was obtained by

recombination ofBaculoGold DNA (Pharmingen) and pVL1393 vector-based

constructs, amplified in Sf9 cells and used to infect Hi5 cells (Invitrogen) in

suspension. Recombinant human PEPI was also expressed by HEK293 cells stably

transfected with pTK-hygromycin^ and pCMVI-FLAG-6xHis-PEPI (aa 18-593).

Transfectants were selected and maintained in 100 /ig/ml hygromycin (Sigma, MO).

Cells were grown to 90% confluence in Dulbecco s minimum Eagles medium

(DMEM) with 10% fetal bovine serum, washed twice with phosphate buffered

saline (PBS) and cultured in serum-fi-ee DMEM for 4 days.

For purification, conditioned media were concentrated by ammonium sulfate

precipitation and purified by Ni-NTA (Qiagen) affinity chromatography. The

imidazole-eluted proteins were dialyzed against 20 mM ammonium bicarbonate,

lyophilized and reconstituted in sterile PBS.

Hence, the proepithelin and SLPI polypeptides of the invention can be made

by recombinant procedures using a variety ofhost cells, including bacterial, yeast,

insect and mammalian host cells.
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Administration

Polypeptides of the invention can be used to heal wounds, to inhibit

neutrophil activation, control inflammation and are beneficial for chronic wound

healing. Individual polypeptides, polypeptide variants, polypeptide derivatives and

5 mixtures thereof (e.g. those with different sequences) can be combined in a

formulation to promote wound healing, control inflammation and to prevent

neutrophil activation. Optimal healing and neutrophil inhibition may require some

epithelin or neutrophil activity. Hence, the compositions and formulations ofthe

present invention do not necessarily promote maximal inhibition of neutrophil

10 activation. Instead, the activity of the polypeptide formulation is varied as needed

to optimize healing, discourage neutrophil activation and promote healthy skin

development. Lesser or greater levels of inhibition can be achieved by varying the

type, content and amount ofpolypeptides so that healing and healthy skin

development is promoted while inflammation is controlled.

15 To promote healthy skin development and/or treat wounds, polypeptides of

the invention are introduced onto the skin or into wounds in any manner chosen by

one of skill in the art. The polypeptides can be administered by a variety of routes

to control inflammation or inhibit neutrophil activation. For example, polypeptides

can be formulated into a therapeutic composition containing a therapeutically

20 effective amount ofone or more polypeptides and a pharmaceutical carrier.

In some embodiments, such a composition can be introduced onto skin or

into the wound as a cream, spray, foam, gel or in the form of any other formulation.

In another embodiment, polypeptides of the invention can be formulated into a skin

covering or dressing containing a therapeutically effective amount ofone or more

25 polypeptides impregnated into, covalently attached or otherwise associated with a

covering or dressing material. In one embodiment, the skin covering or dressing

permits release of the polypeptide. Release of the polypeptide can be in an

uncontrolled or a controlled manner. Hence, the skin coverings or wound dressings

of the invention can provide slow or timed release of the polypeptide into a wound.

30 Skin coverings and dressing materials can be any material used in the art including

bandage, gauze, sterile wrapping, hydrogel, hydrocoUoid and similar materials.



In other embodiments, a composition ofthe invention can be fomiulated for

oral, topical, subcutaneous, parenteral, intravenous, or pulmonary delivery. Such

compositions may be used for control of inflammation in a variety of situations.

Therapeutic compositions of the invention can comprise proepithelin or a

5 pharmaceutically-active subunit thereof, optionally in combination with SLPI or an

active subunit thereof, one or both in combination with a pharmaceutically

acceptable carrier. In some cases SLPI or a subunit thereof can be formulated

separately and used as the sole therapeutic agent.

Proepithelin and/or SLPI therapeutic compositions can also contain liquids,

10 such as water, saline, glycerol, wetting agents, emulsifying agents, or pH buffering

agents. Liposomes, such as those described in U.S. Patent No. 5,422,120, WO
95/13796, WO 91/14445, or EP 524,968 Bl can also be used as a carrier for such

therapeutic compositions.

A therapeutically effective amount of a polypeptide of the invention is an

1 5 amount of polypeptide that promotes healthy skin development and/or wound

healing. In another embodiment, a therapeutically effective amount of a

polypeptide of the invention is an amount ofpolypeptide that controls inflammation

and/or inhibits neutrophil activation.

For example, when present in a therapeutic or pharmaceutical composition,

20 the amount ofpolypeptides of the invention can be in the range of about 0.00 1% to

about 85% by weight of the composition. The polypeptides can form about 0.5% to

about 30% by weight of the composition. Alternately, the polypeptides form about

1.0% to about 10% by weight of the composition.

The therapeutically effective amoimt ofpolypeptide necessarily varies with

25 the route of administration. For example, a therapeutic amount between 30 to

1 12,000 fig per kg ofbody weight can be effective for intravenous administration.

However, the amount of the polypeptide required will vary not only with the route

of administration, but also the nature ofthe condition being treated and the age and

condition of the patient and will be ultimately at the discretion of the attendant

30 physician or clinician.
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The dosage and method of administration can vary depending upon the

location of the skin or tissue to be treated and/or upon severity ofthe wound or

inflammation. Useful dosages of the polypeptides and polypeptide conjugates can

be determined by correlating their in vitro activity, and in vivo activity in animal

5 models, for example, those described herein. Doses effective in humans can be

extrapolated from doses effective in mice as taught by U. S. Pat. No. 5,294,430.

For example, the polypeptides can conveniently be administered in unit

dosage form; for example, containing about 0.001 iig to about 10 mg, conveniently

about 0.01 fig to about 5 mg, more conveniently, about 0.10 /ig to about 1 mg, and

1 0 even more conveniently about 1 .0 fig to 500 fig of polypeptide per unit dosage form.

The desired dose may be presented in a single dose, as divided doses, or as a

continuous infusion. The desired dose can also be administered at appropriate

intervals, for example, as two, three, four or more sub-doses per day. One of skill in

the art can readily prepare and administer an effective formulation from available

1 5 information using the teachings provided herein.

The polypeptides of the invention can be formulated as pharmaceutical

compositions and administered to a mammalian host, such as a human patient in a

variety of dosage forms adapted to the chosen route of administration, i.e., orally or

parenterally, by intravenous, intramuscular, topical or subcutaneous routes.

20 Thus, the polypeptides may be systemically administered, for example,

intravenously or intraperitoneally by infusion or injection. Solutions of the

polypeptide can be prepared in water, optionally mixed with a nontoxic surfactant.

Dispersions can also be prepared in glycerol, liquid polyethylene glycols, triacetin,

and mixtures thereof and in oils. Under ordinary conditions of storage and use,

25 these preparations contain a preservative to prevent the growth ofmicroorganisms.

The pharmaceutical dosage forms suitable for injection or infusion or topical

application can include sterile aqueous solutions or dispersions or sterile powders

comprising the active ingredient that are adapted for the extemporaneous

preparation of sterile injectable or infusible solutions or dispersions, optionally

30 encapsulated in liposomes. In all cases, the ultimate dosage form must be sterile,

fluid and stable under the conditions ofmanufacture and storage. The liquid carrier
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or vehicle can be a solvent or liquid dispersion medium comprising, for example,

water, ethanol, a polyol (for example, glycerol, propylene glycol, liquid

polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and

suitable mixtures thereof. The proper fluidity can be maintained, for example, by

5 the formation of liposomes, by the maintenance of the required particle size in the

case of dispersions or by the use of surfactants. The prevention ofthe action of

microorganisms can be brought about by various antibacterial and antifungal agents,

for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like.

In some cases, one of skill in the art may choose to include isotonic agents, for

10 example, sugars, buffers or sodium chloride. Prolonged absorption of the injectable

compositions can be brought about by the use in the compositions of agents

delaying absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the polypeptides in

the required amount in the appropriate solvent with various of the other ingredients

15 enumerated herein, as required, followed by filter sterilization. In the case of sterile

powders for the preparation of sterile injectable solutions, methods of preparation

include vacuum drying and the freeze-drying techniques, which yield a powder of

the active ingredient plus any additional desired ingredient present in the previously

sterile-filtered solutions.

20 In some instances, the polypeptides can also be administered orally, in

combination with a pharmaceutically acceptable vehicle such as an inert diluent or

an edible carrier. They may be enclosed in hard or soft shell gelatin capsules, may

be compressed into tablets, or may be incorporated directly with the food of the

patient's diet. For oral therapeutic administration, the polypeptide may be combined

25 with one or more excipients and used in the form of ingestible tablets, buccal

tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such

compositions and preparations should contain at least 0.1% of active compound.

The percentage of the compositions and preparations may, of course, be varied and

may conveniently be between about 2 to about 60% of the weight of a given unit

30 dosage form. The amount of active compound in such therapeutically useful

compositions is such that an effective dosage level will be obtained.



The tablets, troches, pills, capsules, and the like may also contain the

following: binders such as gum tragacanth, acacia, com starch or gelatin; excipients

such as dicalcium phosphate; a disintegrating agent such as com starch, potato

starch, alginic acid and the like; a lubricant such as magnesium stearate; and a

5 sweetening agent such as sucrose, fixictose, lactose or aspartame or a flavoring agent

such as peppermint, oil of wintergreen, or cherry flavoring may be added. When the

unit dosage form is a capsule, it may contain, in addition to materials ofthe above

type, a liquid carrier, such as a vegetable oil or a polyethylene glycol. Various other

materials may be present as coatings or to otherwise modify the physical form of the

1 0 solid unit dosage form. For instance, tablets, pills, or capsules may be coated with

gelatin, wax, shellac or sugar and the like. A syrup or elixir may contain the active

compound, sucrose or fixictose as a sweetening agent, methyl and propylparabens as

preservatives, a dye and flavoring such as cherry or orange flavor. Ofcourse, any

material used in preparing any unit dosage form should be pharmaceutically

15 acceptable and substantially non-toxic in the amounts employed. In addition, the

polypeptide may be incorporated into sustained-release preparations and devices.

Useful solid carriers include finely divided solids such as talc, clay,

microcrystalline cellulose, silica, alumina and the like. Useful liquid carriers

include water, alcohols or glycols or water-alcohol/glycol blends, in which the

20 present compounds can be dissolved or dispersed at effective levels, optionally with

the aid of non-toxic surfactants. Adjuvants such as fragrances and additional

antimicrobial agents can be added to optimize the properties for a given use.

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters,

fatty alcohols, modified celluloses or modified mineral materials can also be

25 employed with liquid carriers to form spreadable pastes, gels, ointments, soaps, and

the like, for application directly to the skin of the user.

In general, the polypeptides of the invention are administered topically for

wound treatment and for promoting healthy skin development. The polypeptides of

the invention may also be administered topically for treatment of inflammation.

30 The active polypeptides may be administered topically by any means either directly

or indirectly to the selected tissue as sprays, foams, powders, creams, jellies, pastes.



suppositories or solutions. The term paste used in this document should be taken to

include creams and other viscous spreadable compositions such as are often applied

directly to the skin or spread onto a bandage or dressing. Polypeptides of the

invention can be covalently attached, stably adsorbed or otherwise applied to a skin

5 covering or wound dressing material. To facilitate healing after surgery, the active

polypeptides ofthe invention can be applied directly to target tissues or to prosthetic

devices or implantable sustained released devices. The compositions can be

administered by aerosol, as a foam or as a mist, with or without other agents,

directly onto the skin or wound.

10 The polypeptides can be administered in a formulation that can include an

emulsion of the polypeptide in a wax, oil, an emulsifier, water, and/or a

substantially water-insoluble material that forms a gel in the presence ofwater. The

formulation provides the desirable properties of an emulsion, in that it is spreadable

and has the creamy consistency of an emulsion, yet that does not break down when

15 subjected to normal sterilization procedures, e.g. steam sterilization, because the gel

stabilizes the emulsion. It also exhibits better water retention properties than a

conventional gel because water is held both in the emulsion and in the gel.

The formulation can also contain a humectant to reduce the partial vapor

pressure of the water in the cream or lotion to reduce the rate at which the cream or

20 lotion dries out. Suitable hxunectants are miscible with water to a large extent and

are generally suitable for application to the skin. Polyols are especially suitable for

the purpose and suitable polyols may include monopropylene glycol or glycerin

(glycerol). The polyol may be present in proportions of 20-50% (by weight) of the

total formulation; alternatively the range is 30-40%. This relatively high proportion

25 of polyol also ensures that if the paste should dry out to any degree, the resulting

paste remains soft and flexible because the glycerin may act as a plasticizer for the

polymer. When the paste is applied on a bandage, for example, it may therefore still

be removed easily fi-om the skin when the paste has lost water without the need to

cut the bandage off The polyol also has the advantage of functioning to prevent the

30 proliferation of bacteria in the paste when it is in contact with the skin or wound,

particularly infected wounds.
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The formulation can include other ingredients. Ingredients that may be used

include: zinc oxide, ichthammol, calamine, silver suphadiazine, chlorhexidine

acetate, coal tar, chlorhexidine gluconate, salicylic acid, metronidazole or other

antibacterial agents, or a combination thereof. Other ingredients may also be found

5 suitable for incorporation into the cream.

These ingredients can be included in beneficial amounts, for example, up to

about 15 wt %, of zinc oxide may be added; typically 6-10% of zinc oxide is used,

possibly in combination with another ingredient such as ichthanraiol (0-3 wt %)

and/or calamine (0-15% wt). Ichthammol or calamine may also be used alone.

10 Chlorhexidine acetate can be used at a concentration ofup to 1% by weight; 0.5 wt

% is typical.

An example of a wax for the emulsion is glyceryl monostearate, or a

combination of glyceryl monostearate and PEGIOO stearate that is available

conmiercially as CITHROL GMS/AS/NA from Croda Universal Ltd. This

15 combination provides both a wax and an emulsifier (PEG 100 stearate) that is

especially compatible with the wax, for forming an emulsion in water. A second

emulsifier can be included in the formulation to increase the stability of the

emulsion, for example, a PEG20 stearate, such as CITHROL lOMS that is supplied

by Croda Universal Ltd. The total concentration of emulsifier in the cream should

20 normally be in the range of from 3-15%. Where two emulsifiers are used, one may

be present in a greater concentration than the other.

The water-insoluble material forms a gel with the water of the formulation.

The material is therefore hydrophilic but does not dissolve in water to any great

extent. The material can be a polymeric material, for example, a water-absorbing

25 non water-soluble polymer. However, non-polymeric materials that form gels with

water and that are stable at elevated temperatures could also be used, e.g. clays such

as kaolin or bentonite. Some polymers used in the invention are super-absorbent

polymers such as those disclosed in WO-92/16245 and that comprise hydrophilic

cellulose derivatives that have been partially cross-linked to form a three

30 dimensional structure. Suitable cross-linked cellulose derivatives include those of

the hydroxy lower alkyl celluloses, wherein the alkyl group contains from 1 to 6



carbon atoms, e.g. hydroxyethyl cellulose or hydroxypropylcellulose, or the

carboxy-celluloses e.g. carboxymethyl hydroxyethyl cellulose or

carboxymethylcellulose. An example of a polymer that may be used in the

invention is a partially cross-linked sodium carboxymethylcellulose polymer

supplied as AKUCELL XlSlby Akzo Chemicals B.V. This polymer is a super

absorbent polymer in that it may absorb at least ten times its own weight of water.

The cross-linked structure of the polymer prevents it from dissolving in water but

water is easily absorbed into and held within the three-dimensional structure of the

polymer to form a gel. Water is lost less rapidly from such a gel than from a

solution and this is advantageous in slowing or preventing the drying out of the

cream formulation. The polymer content of the formulation is normally less than

10%, for example, the polymer content can range from about 0.5 to about 5.0% by

weight, or from about 1.0% to about 2% by weight.

The formulation may be sterilized and components ofthe formulation should

be selected, by varying the polymer content, to provide the desired flow properties

of the finished product. That is, if the product to be sterihzed, then the formulation

should be chosen to give a product of relatively high viscosity/elasticity before

sterilization. If certain components of the formulation are not to be sterilized, the

formulation can be sterilized before addition of those components, or each

component can be sterilized separately. The formulation can then be made by

mixing each sterilized ingredients under sterile conditions. When components are

separately sterilized and then mixed together, the polymer content can be adjusted to

give a product having the desired flow properties of the finished product. The

emulsion content determines the handling properties and feel of the formulation,

higher emulsion content leading to increased spreadability and creaminess.

The formulation may be packaged into tubes, tubs or other suitable forms of

containers for storage or it may be spread onto a substrate and then subsequently

packaged. Suitable substrates include dressings, including film dressings, and

bandages.

Administration can be prior to wounding, as to prior to a surgical incision, or

after the wound has formed, as in treatment of a trauma victim. Various methods
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can be used to administer a therapeutic composition directly to a specific site in the

body. For example, therapeutic compositions can be injected several times into or

adjacent to a site ofwounding, such as a surgical incision or a traumatic injury, or

infused intravenously or intra arterially, so as to reach the target site.

The following examples are intended to illustrate but not limit the invention.

EXAMPLE 1: Experimental Procedures

This Example provides materials and procedures for experiments performed

on proepitheHn.

Yeast Two-Hybrid Screening and cDNA Cloning

A C3H/HeN mouse bone marrow derived macrophage cell line, HeNC2 (Jin

et al., 1997), was used for construction of a leukocyte cDNA library in the

phagemid vector, pAD-GAL4 (Stratagene). The bait construct, pBD-GAL4-SLPI,

contains a truncated mouse SLPI ORF (aa26-l 3 1). Screening followed the Hybri-

ZAP™ kit protocol (Stratagene). Briefly, YRG-2 yeast harboring pBD-GAU-SLPI

were transformed with the pAD-GAL4-HeNC2 cDNA library and grown on plates

lacking histidine. Clones recovered from His" plates were analyzed for jS-

galactosidase activity. Plasmid DNAs rescued from individual HisVpgal"^ clones

were subjected to restriction enzyme digestion analysis and DNA sequencing. The

partial PEPI ORF derived from a HisVp-gar clone was labeled with ^^P-dCTP to

screen the HeNCa cDNA phage library and to clone fiiU-length mouse PEPI cDNA.

To clone human PEPI and SLPI, primers flanking the ORFs were used for RT-PCR

with total RNA ofA549 cells as template.

Proepithelin and Epithelin Sequences

Sequences for various regions within human proepithelin are provided

below. The proepithelin sequences shown correspond to the human proepithelin

sequence provided in the NCBI database as accession number P28799). For

example, the signal peptide for this human proepithelin (amino acids 1-16) is as

follows:
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MWTLVSWVALTAGLVA (SEQ ID NO: 12).

The first linker region within proepithelin links the signal peptide to a half

epithelin. This para epithelin with the linker has an elastase cleavage site (^) and

has the following sequence (proepithelin amino acids 17-57):

GTRCPDGQFCPVACCLDPGGASYSCCRPLLDKW?T^TLSRHL (SEQ ID

NO: 13).

Epithelin G resides within proepithelin amino acids 58-113 and has the

following sequence:

GGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRG

FHCSADGRSCF (SEQ ID NO: 14).

The second linker region within proepithelin (amino acids 1 14-122) links the

para epithelin peptide to epithelin F. This linker region has the following sequence:

QRSGNNSVG (SEQ ID NO: 15).

Epithelin F resides within proepithelin amino acids 123-179 and has the

following sequence:

AIQCPDSQFECPDFSTCCVMVDGSWGCCPMPQASCCEDRVHCC

PHGAFCDLVHTRCI (SEQ ID NO: 16).

The third linker region within proepithelin (amino acids 180-205) links

epithelin F to epithelin B. This linker region has the following sequence:

TPTGTHPLAKKLPAQRTNRAVALSSS (SEQ ID NO: 1 7).
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Epithelin B resides within proepithelin amino acids 206-261 and has the

following sequence:

VMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHCCPQDTVCDUQS

5 KCL (SEQIDN0:18).

The fourth linker region within proepithelin (amino acids 262-280) links

epithelin B to epithelin A. This linker region has the following sequence:

10 SKENATTDLLTKLPAHTVG (SEQ ID NO: 19).

EpithelinA resides within proepithelin amino acids 281-336 and has the

following sequence:

15 DVKCDMEVSCPDGYTCCRLQSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTQK

GrCE (SEQ ID NO:20).

The fifth linker region within proepithelin (amino acids 337-363) links

epithelin A to epithelin C. This linker region has two elastase sites C") and has the

20 following sequence:

QGPHQVPWMEKAPA^HLSLPDPQA^LKRD (SEQ ID N0:21).

Epithelin C resides within proepithelin amino acids 364-417 and has the

25 following sequence:

VPCDNVSSCPSSDTCCQLTSGEWGCCPIPEAVCCSDHQHCCPQRYTC

VAEGQCQ (SEQ ID NO:22).

30 The sixth linker region within proepithelin (amino acids 418-441) links

epithelin C to epithelin D. This linker region has the following sequence:
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RGSEIVAGLEKMPARRASLSHPRD (SEQ ID NO:23).

Epithelin D resides within proepithelin amino acids 442-496 and has the

5 following sequence:

IGCDQHTSCPVGGTCCPSLGGSWACCQLPHAVCCEDRQHCCPAGYT

CNVKARSCE-496 (SEQ ID NO:24).

10 The fifth linker region within proepithelin (amino acids 337-363) links

epithelin D to epithelin E. This linker region has one elastase site C") and has the

following sequence:

KEVVSAQPATFLARSPHVGV^K (SEQ ID NO:25).

15

Epithelin E resides within proepithelin amino acids 518-573 and has the

following sequence:

DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPAGFRCAAR

20 GTKCL (SEQ ID NO:26).

The final (C-terminal) sequence in proepithelin includes amino acids 574-

593 and is as follows:

25 RREAPRWDAPLRDPALRQLL (SEQ ID NO:27).

Protein Expression, Purification and Analysis

Human PEPI (aa 18-593), human EPIs A (aa 281-337) and B (aa 206-261)

and mouse PEPI (aa 18-589) each with an N-terminal FLAG-6xHis tag, were

30 produced with secretion being driven by the human PEPI signal peptide (aa 1 - 1 7).

Recombinant baculovirus was obtained by recombination ofBaculoGold DNA
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(Pharmingen) and pVL1393 vector-based constructs, amplified in Sf9 cells and used

to infect Hi5 cells (Invitrogen) in suspension. Recombinant human PEPI was also

expressed by HEK293 cells stably transfected with pTK-hygromycin^ and pCMVI-

FLAG-6xHis-PEPI (aa 18-593). Transfectants were selected and maintained in 100

/ig/ml hygromycin (Sigma, MO). Cells were grown to 90% confluence in Dulbecco

s minimum Eagle s medium (DMEM) with 10% fetal bovine serum, washed twice

with phosphate buffered saline (PBS) and cultured in serum-free DMEM for 4 days.

Conditioned media were concentrated by ammonium sulfate precipitation and

purified by Ni-NTA (Qiagen) affinity chromatography. The imidazole-eluted

proteins were dialyzed against 20 mM ammonium bicarbonate, lyophilized and

reconstituted in sterile PBS. Recombinant human and mouse SLPI were from

Amgen (Thousand Oaks, CA). Pure, recombinant human or mouse protein (PEPI or

SLPI) was injected into rabbits to raise antisera.

PEPI and SLPI were transiently expressed in HEK293 or COS-1 cells.

FLAG-tagged PEPI (aa 18-593) was expressed from pCMVI-FLAG and SLPI

constructs from pcDNA3.1 (Invitrogen). SLPI constructs included mouse frill

length (aa 1- 131), mouse N-terminal domain (aa 1-80), mouse C-terminal domain

(aa 1-25/81- 131), and human fiiU-length (aa 1- 131). Three days following co-

transfection via SuperFect reagent (Qiagen), conditioned media were

immunoprecipitated with FLAG M2 antibody (Sigma), separated by reducing SDS-

PAGE and western blotted with anti-SLPI antibody (Jin et al., 1997). For in vitro

immunoprecipitation assays, recombinant human PEPI or EPI (FLAG-tagged) and

SLPI (5 pmol each) were incubated in 10 mM Tris-HCI (pH 7.5), 150 mM NaCl at

37''C for 30 min before immunoprecipitation with anti-FLAG M2 antibody and

westem blottmg with anti-SLPI antibody or the reverse.

BAL fluids were collected from healthy aduU subjects according to an

institutional review board-approved protocol following informed consent. The fluids

(45 ml each) were concentrated to 0.5 ml in a Centriprep (Millipore) with 10 kDa

cut-off before immunoprecipitation with antiserum against human PEPI and westem

blotting with antisera against human SLPI or human PEPI.
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Recombinant mouse PEPI purified via FLAG M2 antibody affinity column

was subjected to digestion by human neutrophil elastase (Sigma) in 100mM Tris-

HCI (pH 8.3) and 960 mM NaCl (Kramps et al., 1983); human neutrophil cathepsin

G (Calbiochem-Novabiochem) in 100 mM Tris-HCI (pH 7.5), 20 mM MgCla, 1 %
5 DMSO (Rehault et al, 1999); bovine pancreatic a-chymotrypsin (Sigma) in 100

mM Tris-HCI (pH 7.5) and 10 mM CaCh (DelMar et al, 1979); or bovine

pancreatic trypsin (Sigma) in 100 mM Tris-HCI (pH 7.8) and 20 mM CaCl2

(Somorin et al, 1979) at 37T.

For determination of the cleavage sites, recombinant human PEPI (35 ixg)

10 was incubated with elastase at 37°C for 18 h. The products were separated by

reducing SDS-PAGE and transferred to a PVDF membrane (Bio-Rad) and stained

with Coomassie blue. Bands were excised for Edman degradation, as described

(Tempst et al., 1994).

IS Cell-Based Assays

Human epithelial cell lines SW-13 and A549 from ATCC were plated at

0.5x10^ cells/well in 96-welI plates and treated with protein samples for 48 h. IL-8

was measured in the conditioned media by ELISA (R&D Systems). When indicated,

PEPI (100 /iM) and elastase (3 u/ml) or either agent alone were pre-incubated for 18

20 hr at 37°C in 960 mM NaCl (used to prevent elastase from adsorption to vessel

surfaces) and diluted 10-fold in medium before addition to the cells. Alternatively,

the cells were plated at 0.4x10^ cells/well in 24-well plates and 1 day later switched

to serum-free medium containing recombinant proteins for 3 days before measuring

cell numbers witii the CyQUANT Cell Proliferation Kit (Molecular Probes), or by

25 hemocytometer count of trypan blue-excluding cells.

Neutrophils were isolated from heparinized blood ofnormal donors with a

modified FicoU-Hypaque gradient (Cardinal Associates) (Fuortes et al, 1993).

Erythrocytes were lysed by hypotonic shock and neutrophils resuspended in ice-cold

Krebs-Ringer phosphate buffer with glucose (KRPG) for measurement of H2O2

30 production by the scolopetin assay (Fuortes et al, 1 993) in FBS-precoated

Primaria™ 96-well plates (Becton-Dickinson, NJ) using l.SxlO'* neutrophils per
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well. Cells were treated with protein samples and 100 ng/ml of either phorbol

myristate acetate (Sigma) or TNF (Genentech, CA) and incubated at 3T'C. H2O2

production was monitored every 30 min in a fluorescence microplate reader

(SpectraMax Gemini, Molecular Devices).

5 To measure proteinase release, 25x10^ neutrophils in 4 ml ofKRPG were

seeded in FBS-precoated 10 cm Primaria™ culture dishes and treated with protein

samples and/or 100 ng/ml TNF. Aliquots of the medium were taken at designated

times and floating cells removed by centrifugation. 100 [il supernatant was

transferred into a 96 well plate and incubated with 10 /ig/ml BODIPY FL casein

10 substrate (Molecular Probes) for 2 h at room temperature. Proteinase activity was

monitored in a fluorescence microplate reader (Molecular Devices) compared to

human neutrophil elastase (Sigma) as standard. To distinguish degranulation from

cell lysis, lactate dehydrogenase activity in the conditioned media was assayed using

a kit (Roche Molecular Biochemicals).

15 For conditioned medium, 10^ neutrophils /ml in KRPG were stimulated with

100 ng/ml ofPMA at 37°C for 30 min and the cells were removed by centrifugation.

diisopropyl fluorophosphate was added (2 /ig/ml). PEPI alone or a mixture ofPEPI

and SLPI was incubated with 40 fi\ conditioned medium at ST'C for 30 min before

SDS-AGE and western blot with anti-FLAG antibody.

20 For morphologic assessment, 0.5 x 10^ neutrophils in KRPG were plated

onto FBS-precoated glass cover slips in 12-well plates. Cells were incubated with

protein samples and 100 ng/ml ofPMA or TNF for about 40 min, by which time

cells treated with TNF alone were fiilly spread. Cells were fixed as described

(Fuortes et al., 1993) and photographed with a Sony DKC-5000 digital camera via

25 an Olympus BX60 microscope.

For determination ofPyk2 phosphorylation, 2.5 x 10^ neutrophils in KRPG

were pretreated with 1 /iM ofPEPI or ovalbumin followed by stimulation with 100

ng/ml TNF. Cell lysates were fractionated on SDS-AGE and western blotted with

antibodies (Biosource Camarillo, CA) as described (Fuortes et al., 1999).

30

Wound healing
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SLPI null mice (C57BL6 x 129) were generated as described by Ashcroft et

al. (2000). The SPLI null mice and genetically matched wild type mice ofboth

genders, aged 4 to 8 wks, were anaesthetized with methoxyfluorane. The dorsum

was shaved and sterilized with alcohol. 50 ml ofPBS containing no protein or 1 jig

recombinant rat SLPI or 1 fig recombinant mouse PEPI was injected

subcutaneously. Treatments were rotated to exclude site bias. Four equidistant 1-

cm full thickness incisional wounds were made through the skin and panniculus

camosus. Wounds were biopsied at day 3 and bisected perpendicular to the long

axis for RNA extraction and histology. The haematoxylin and eosin stained cross

section was quantified for the width of the epithehal gap (Adobe Photoshop 5.5) and

for the wound area (MetaMorph4.6, Universal Imaging Co.), defined by the

inflammatory region under the scar, above the muscle and fat layers and flanked by

the wound edges. Northern blots were probed with mouse PEPI and SLPI ORE

cDNA fragments.

EXAMPLE 2: SLPI Binds PEPI

SLPI inhibits the inflammatory responses of macrophages and monocytes to

microbial products (Jin et al., 1998; Jin et al, 1997; Wahl et al., 1997; Song et al,

1999). To define the mechanism for such inhibition, a mononuclear phagocyte

cDNA library was tested to ascertain whether these cells expressed molecular

target(s) ofSLPL

A yeast two-hybrid approach was used to identify SLPI-binding proteins.

Mouse SLPI is a 131-amino acid protein with an N-terminal 25-residue signal

peptide (FIG. lA). The mature sequence (aa 26-131) was used as the bait in fusion

with the DNA-binding domain ofthe yeast transcriptional activator, GAL4. A
cDNA library was constructed from a mouse bone marrow macrophage cell line

(HeNCa) and expressed in fusion with the activation domain ofGAL4 (GAL4-AD).

Four million yeast co-transformants were analyzed for histidine auxotrophy and jS-

galactosidase activity. Twenty-seven clones showed strong phenotypes in both

assays. BamR and EcoR V digests (Fig. IB) assigned these 27 clones to 3

sequences. Sequencing confirmed that 21 ofthe clones encoded the same partial
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cDNA from mouse PEPI, comprising 1 180 bp of the ORF and 338 bp ofthe 3* UTR

(FIG. lA, underlined). An additional clone consisted of a shorter piece ofPEPI

cDNA (clone 18 in FIG. IB). The PEPI sequences were in frame with GAU-AD.

The PEPI-SLPI interaction was confirmed in yeast and its specificity demonstrated

5 (FIG. 1 C).

PEPI contains 90 Cys residues that must form 45 correct disulfides. Thus, it

is not surprising that we were unable to produce soluble, monomeric, intact PEPI

and EPIs in E, colL However, a baculovirus-insect cell expression system yielded

EPI A in trace amounts and EPI B in somewhat larger amounts (FIG. 2A). Mouse

10 and human proepithelins produced by insect cells were recovered mostly as

degradation products (not shown). Reciprocally, mammalian COS-1 (not shown) and

HEK293 cells (FIG. 2A) produced stable PEPI but not EPIs (not shown).

The SLPI-PEPI interaction was fiirther characterized in vivo using

transfected mammalian cells, and in vitro using recombinant proteins purified from

15 human and insect cells for PEPI and EPIs, respectively. Mouse SLPI and FLAG-

tagged mouse PEPI were cotransfected into COS-1 cells (Fig. 2B). Human SLPI

and FLAG-tagged human PEPI were separately co-transfected into HEK293 cells

(Fig. 2C). The conditioned media were immunoprecipitated with anti-FLAG

antibodies to bring down PEPI, and then western blotted with anti-SLPI antibody.

20 SLPI co-immunoprecipitated with PEPI for both the mouse and human protein

pairs. The two proteins were recovered together in amounts proportionate to the

quantity ofcDNAs used for transfection.

To test if a SLPI-PEPI complex exists in vivo normal human

bronchoalveolar lavage (BAL) fluid samples were examined because both SLPI and

25 PEPI are strongly expressed in airway epithelium (Abe et al,, 1991 ; Daniel et al.,

2000). PEPI was immunoprecipitated from the BAL fluids collected from two

individuals, and SLPI was detected in the PEPI immunoprecipitates (Fig. 2D). Thus,

the SLPI-PEPI complex is physiologic.

Next, experiments were performed to ascertain which part ofPEPI binds to

30 SLPI (for the order ofEPIs in PEPI, see Fig. L\). EPIs G and F were absent in the

partial PEPI sequences isolated as SLPI-binding proteins in yeast (Fig. lA) and thus



were dispensable for the interaction. A series ofmouse PEPI terminal deletion

mutants were made and co-transfected these mutants with SLPI into COS- 1 cells.

Truncation mutants containing EPIs G, F, B, A and C co-immunoprecipitated with

SLPI (not shown), indicating that EPIs D and E are not required for binding of PEPI

5 to SLPI. The expression level of further truncation mutants dropped dramatically as

the deletion proceeded making it difficult to interpret co-immunoprecipitation

results with the shorter forms. When FLAG-tagged recombinant human EPI A or

EPI B was incubated with recombinant human SLPI at an equimolar ratio (Fig. 2E)

or at a molar ratio ofA (or B):SLPI:: 1 :5 (not shown), SLPI was not detected in EPI

10 immunoprecipitates or vice versa. Yet, in a similar assay, holo-PEPI and SLPI each

reciprocally co-immunoprecipitated with the other (Fig. 2E).

These results indicate, first, that PEPI and SLPI bound each other without

the mediation of additional proteins, and second, that EPIs, B, D, E, F, and G were

each not necessary or not sufficient for stable interaction with SLPI. It was not

15 excluded that SLPI might bind uniquely to EPI C. However, this seems unlikely,

because EPI C is highly homologous (87% among EPIs) to the 6 EPIs to which

SLPI did not bind. Instead, SLPI appears to bind to inter-EPI linker region(s) of

PEPI, or to a site only present in PEPFs tertiary structure.

Mutation analysis and the crystal structure ofhuman SLPI with a target

20 proteinase (Grutter et al., 1988) localized SLPFs anti-proteinase site to the C-

terminal domain, where Leu72-Met73 are displayed in a loop that interacts with the

catalytic triad of serine proteinases (Eisenberg et al., 1990). Likewise, the inventors

have found that SLPI's C-terminal domain selectively interacts with PEPI (not

shown). The interaction between SLPI and proepithelin may be based in part on

25 electrostatics. Human SLPI bears twelve net positive charges and proepithelin five

net negative charges. While the N-terminal domain carries half of SLPPs positive

charges, they are scattered. In contrast those in the C-terminal domain ofhuman

SLPI (R58, R59, K60, K63, K87, R88, K91 and KI06) are clustered in a patch on

the surface opposite the proteinase binding loop (Grutter et al., 1988). The basic

30 patch is conserved in mouse SLPI. This suggests that SLPTs C- terminal domain

may bind elastase on one face and proepithelin on the opposite face.
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EXAMPLE 3: Elastase is a PEPI Convertase

Because SLPI binds PEPI but not EPIs, PEPI converts to EPIs, and SLPI

inhibits serine proteinases, the postulate that SLPI might block conversion ofPEPI

5 to EPIs was examined. Such conversion ofPEPI to EPIs may occur by either or

both oftwo mechanisms: (i) SLPI binding to and blocking a serine proteinase

component of a PEPI convertase, and (ii) SLPI binding to and blocking cleavage

sites in PEPI. Tests were run to ascertain whether any of4 well-known SLPI-

targeted serine proteinases could cleave PEPI: elastase and cathepsin G from human

10 neutrophils, and trypsin and chymotrypsin from bovine pancreas.

Only elastase and chymotrypsin hydrolyzed recombinant human PEPI (Fig.

3A). Mouse SLPI is an effective inhibitor of elastase and chymotrypsin, but a

relatively poor inhibitor ofcathepsin G and trypsin (Zitnik et al., 1997). Similarly,

human SLPI has Ki values for elastase, chymotrypsin cathepsin G and trypsin of

15 0.3, 2.4, 10 and 44 TIM, respectively (Wright et al., 1999; Zitnik et al., 1997).

These results suggested that the proteinases that SLPI readily inhibits are the ones

most capable of hydrolyzing PEPI.

As expected from these observations, human and mouse SLPI did block the

cleavage ofhuman PEPI by elastase, human SLPI being the more potent (Fig. 3B).

20 To see whether binding between SLPI and PEPI could also contribute to the

protection ofPEPI from elastase, a SLPI active-site mutant (L72K) was used that is

no longer inhibitory to elastase (Eisenberg .et al., 1990), but is still capable of

binding SLPI (not shown). SLPIL72K protected PEPI from elastase digestion (Fig.

3C). Neither a control protein (BSA), nor a confrol subsfrate (tubulin) protected

25 PEPI from elastase digestion. Thus, SLPI can protect PEPI from digestion by two

distinct mechanisms: binding to a serine proteinase and binding to PEPI.

Neutrophil elastase is a candidate to contribute to PEPI convertase activity,

because elastase is released in large quantities during infection and inflammation at

PEPI-producing sites. At these same sites, elastase is also likely to encounter its

30 physiologic regulator, SLPI. If elastase can participate in the processing of PEPI to

EPIs, it should not cleave PEPI within EPI domains. Indeed, EPI A and B were



resistant to elastase (Fig. 3D). In contrast, PEPI itselfwas cleaved by elastase in a

concentration- and time-dependent manner, yielding discrete fragments.

To determine elastase cleavage sites, PEPI fragments from an extensive

elastase digestion (3 u/ml, 18 h) were subjected to N-terminal sequencing. Fifteen

5 identifiable N-terminal sequences of 8 independent gel slices from the region of

apparent molecular mass 13 to 22 kDa (where recombinant EPIs migrate) all were

from linker regions ofPEPI (Fig. 4E). No cleavage site was found within any

epithelin domain. Virtually complete conversion ofPEPI to epithelin-sized

fragments was also observed with protein chip mass spectrometry (Ciphergen

10 system, not shown). Therefore, elastase cuts PEPI in the inter-BPI regions. While

elastase thus can act as at least part of a PEPI convertase, additional proteolytic

events would be required to produce precisely the same boundaries identified in

EPIs as they have been purified from tissues.

15 EXAMPLE 4: Contrasting Effects of PEPI and EPIs on Epithelial Cells

PEPI is a growth factor for cells of epithelial origin and various tumors

(Zanocco-Marani et al, 1999; Zhou et al., 1993). fri contrast, EPI A and B inhibited

growth of epithelial cells.

In experiments performed by the inventors, recombinant human PEPI

20 stimulated the proliferation oftwo human epithelial cell lines A549 and SW-13,

with 50% effective concentrations between 50-100 nM (Fig. 4A), while

recombinant human EPI B inhibited the growth of the same two cell lines, with 50%

inhibitory concentrations of 1-3 fiM (Fig. 4B). These results indicated that the

recombinant PEPI and EPI B produced as described herein was bioactive, despite

25 the large number of disulfide bonds.

As shovra in previous Examples, elastase, a neutrophil product, can convert

PEPI to EPI-like fragments. Experiments were run to determine if EPIs could

trigger epithehal cells to release IL-8, the major chemokine that attracts neutrophils

(Baggiolini and Clark-Lewis, 1992). Indeed, both A549 and SW-13 cells produced

30 large amounts of IL-8 in response to EPI B (Fig. 4C). Strikingly, PEPI was

completely inactive in this assay. Because of a limited supply ofrecombinant EPIs,
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EPI A could not be tested and a maximally effective concentration ofEPI B was not

defined. However, the concentration response relationship was in the same range as

for inhibition of epithelial cell proliferation (Fig. 4B).

Thus, EPI B can promote epithelial cytostasis and neutrophil recruitment.

In contrast, PEPI promotes epithelial proliferation without eliciting production of

IL-8. IL-8 inducing activity was also observed in an elastase digest ofPEPI (Fig.

4D), suggesting that at least some EPMike bioactivity can be generated from PEPI

by elastase alone.

EXAMPLE 5: Contrasting Effects of PEPI and EPIs on Neutrophils

Neutrophils adherent to proteins of extracellular matrix are triggered by

inflammatory stimuli like tumor necrosis factor (TNF) to generate large quantities

of reactive oxygen intermediates (ROI) (Nathan, 1987) and to release their granule

contents, including elastase (Taggart et al, 2000). This Example describes

experiments directed towards testing what effects PEPI, EPIs and SLPI have on the

TNF-induced respiratory burst and release ofproteinases by human neutrophils

adherent to a surface coated with serum proteins. As a control neutrophils were also

stimulated with a nonphysiologic agonist, phorbol myristate acetate (PMA).

PEPI inhibited the respiratory burst triggered by TNF (Fig. 5A, panel b).

This result did not reflect interference with the phagocyte oxidase (Phox) or with the

assay, because PEPI had no effect on the amount ofH2O2 detected in the medium in

response to PMA (Fig. 5A, panel a). In contrast to results with PEPI, neither EPI A
nor B was able to block the TNF-induced respiratory burst (Fig. 5A, panel c). The

triggering of adherent neutrophils by cytokines displayed a characteristic lag period

involving cytoskeletal reorganization. Reagents that disrupt signaling events during

the lag period can abort the respiratory burst even when added after the stimulus

provided that the respiratory burst has not yet commenced (Nathan et al., 1989;

Nathan, 1987). Indeed, PEPI abolished the TNF-induced respiratory burst even

when added 30 min after TNF (Fig. 5B, panel b). In contrast, PEPI had no effect

when added during an ongoing respiratory burst (Fig. 5B, panel c). These results
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suggested that PEPI inhibited neutrophil activation by perturbing intracellular

signaling events initiated after TNF binds to its receptor.

Exogenous SLPI exerts a modest inhibitory effect on the TNF-induced

respiratory burst (Grobmyer et al., 2000) as illustrated in Fig. 5B (panels a and b).

5 SLPI and PEPI augmented each other s neutrophil-inhibitory effects (Fig. 5C).

PEPrs inhibition of neutrophils may extend to preventing the release of

proteinases that digest PEPI. Accordingly, the conditioned media of activated

neutrophils were examined for proteinase activity. PEPI ahnost completely

abolished the TNF-triggered release of casein-degrading proteinases (including

10 elastase) from neutrophils (Fig. 6A). The conditioned media from activated

neutrophils also digested PEPI, and the ability of these media to do so was inhibited

both by SLPI and by the pan serine protease inhibitor diisopropyl fluorophosphate

(DFP) (Fig. 6B). Ofthe three serine proteinases known to be released by activated

PMN, cathepsin G does not digest PEPI and proteinase 3 is not inhibited by SLPI,

15 while elastase both digests PEPI and is inhibited by SLPL Thus, the PEPI-digesting

activity released by stimulated human neutrophils was attributable to serine

proteinases; PEPI blocked their release; and elastase is likely to be the major PEPI-

digesting activity released by activated neutrophils.

PMA and TNF trigger adherent neutrophils to spread and establish

20 podosomes and focal adhesions in contact with the extracellular matrix (Fuortes et

al, 1993), as illustrated in Fig. 6C (compare panels c and e to the control in panel a).

PEPI alone had no effect on neutrophil morphology (Fig. 6C, panel b) or on the

spreading elicited by PMA (Fig. 6B, panel d). However, PEPI abolished cell

spreading but not cell adherence in response to TNF (Fig. 6C, panel f). These results

25 suggest that PEPI spares early events following TNF signal transduction that lead to

cell adherence but interferes with later events that lead to cell spreading, the

respiratory burst and degranulation.

These characteristics directed attention to Pyk2, a tyrosine kinase expressed

in neutrophils that appears to mediate TNF-induced cell spreading and respiratory

30 burst (Fuortes et al, 1 999). To test whether PEPI interferes with Pyk2

phosphorylation induced by TNF, neutrophils were preincubated with PEPI for 30



min before TNF stimulation. The activation ofPyk2 in the PMN lysates was

detected by western blot with antibodies specific for phosphotyrosines 402, 580 and

881. PEPI (but not ovalbumin, a protein control) abolished TNF-induced tyrosine

phosphorylation ofPyk2 (Fig. 6D).

5 Because SLPI and proepithelin are both produced constitutively by epithehal

cells, they can be expected to form a complex before inflammation triggers an influx

of elastase. If a given molecule of SLPI can bind proepithelin and elastase at the

same time, then pre-existent SLPI- proepithelin complexes may retain the ability to

inhibit elastase. This is supported by the inventor's finding that proepithelin-

10 complexed SLPI retained the ability to protect extracellular matrix proteins

fibronectin, vitronectin and collagen type I fi-om digestion by elastase. Studies by

the inventors also suggest that SLPI most likely binds PEPI at inter-BPI linker

peptides, 5 ofwhich contain negative charges. Thus, one molecule ofPEPI may be

decorated with several molecules of SLPI. The N-terminal domain of SLPI binds

15 glycosaminoglycans (Mellet et al., 1995; Ying et al., 1994) and in this way SLPI

may serve as a bridge to localize PEPI to epithelial surfaces. This could augment the

bioactivity of PEPI. Binding to epithelial glycosaminoglycans may also position

SLPI to protect the glycosaminoglycans fi-om proteolytic shedding during

inflammation (Park et al., 2000).

20

EXAMPLE 6: Recombinant PEPI Restores Normal Wound Healing

in SLPI-Deficient Mice

SLPI-nuU mice have impaired healing ofwounds accompanied by increased

leukocyte infiltration and elevated elastase activity (Ashcrofl et al., 2000). Delayed

25 re-epithehalization is presumably related to an inability of SLPI-deficient tissues to

counteract proteolysis by serine proteinases that may arise fi^om the infiltrating

leukocytes. The discovery of SLPI/PEPI/elastase axis and the dual roles ofPEPI in

promoting epithelialization and blocking activation of neutrophils prompted inquiry

in whether endogenous PEPI is expressed during wound healing, and whether

30 exogenous PEPI can restore normal wound healing in SLPI-nuU mice.
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Fig. 7A shows that PEPI was constitutively expressed in mouse cutaneous

tissue and that PEPI transcripts were markedly increased upon wounding, as

reported for SLPI in wild type mice (Ashcroft et al., 2000). Wounding induced PEPI

to the same extent in the SLPI knockout mice as in wild type mice (Fig. A).

5 The effect ofPEPI on wound healing was assessed using a wound model

described by Ashcroft et al. (2000). Four 1-cm incisional wounds were made

through the skin and panniculus camosus on the dorsum of each SLPI-nuU or

matched wild type mouse. Immediately before wounding, the area to be incised was

injected subcutaneously with recombinant rat SLPI, recombinant mouse PEPI or

10 PBS vehicle control Three days later, biopsies were taken across the widest portion

of the wound, sectioned and analyzed by morphometry (Fig. 7B, C).

In wild type mice, application of SLPI and PEPI had no effect on the rate of

heaUng (not shown). In contrast, the retarded healing of SLPI-deficient mice was

folly normalized not only by recombinant SLPI, but just as effectively by

1 5 recombinant PEPI (Fig. 7B, C). This suggested that a primary consequence of SLPI

deficiency was that intact PEPI became rate-limiting for healing, despite the

increase in its local synthesis.
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5

All patents and publications referenced or mentioned herein are indicative of

the levels of skill of those skilled in the art to which the invention pertains, and each

such referenced patent or publication is hereby incorporated by reference to the

same extent as if it had been incorporated by reference in its entirety individually or

10 set forth herein in its entirety. Applicants reserve the right to physically incorporate

into this specification any and all materials and information from any such cited

patents or publications.

The specific methods and compositions described herein are representative

ofpreferred embodiments and are exemplary and not intended as limitations on the

15 scope of the invention. Other objects, aspects, and embodiments will occur to those

skilled in the art upon consideration of this specification, and are encompassed

within the spirit of the invention as defined by the scope of the claims. It will be

readily apparent to one skilled in the art that varying substitutions and modifications

may be made to the invention disclosed herein without departing from the scope and

20 spirit of the invention. The invention illustratively described herein suitably may be

practiced in the absence of any element or elements, or limitation or limitations,

which is not specifically disclosed herein as essential. The methods and processes

illustratively described herein suitably may be practiced in differing orders of steps,

and that they are not necessarily restricted to the orders of steps indicated herein or

25 in the claims. As used herein and in the appended claims, the singular forms "a,"

"an," and "the" include plural reference unless the context clearly dictates

otherwise. Thus, for example, a reference to "a host cell" includes a plurality (for

example, a culture or population) of such host cells, and so forth. Under no

circumstances may the patent be interpreted to be limited to the specific examples or

30 embodiments or methods specifically disclosed herein. Under no circumstances

may the patent be interpreted to be limited by any statement made by any Examiner
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or any other official or employee of the Patent and Trademark Office unless such

statement is specifically and without qualification or reservation expressly adopted

in a responsive writing by Applicants.

The terms and expressions that have been employed are used as terms of

description and not of limitation, and there is no intent in the use of such terms and

expressions to exclude any equivalent of the features shown and described or

portions thereof, but it is recognized that various modifications are possible within

the scope of the invention as claimed. Thus, it will be understood that although the

present invention has been specifically disclosed by preferred embodiments and

optional features, modification and variation of the concepts herein disclosed may

be resorted to by those skilled in the art, and that such modifications and variations

are considered to be within the scope of this invention as defined by the appended

claims.

The invention has been described broadly and generically herein. Each of

the narrower species and subgeneric groupings falling within the generic disclosure

also form part of the invention. This includes the generic description of the

invention with a proviso or negative limitation removing any subject matter fi-om

the genus, regardless of whether or not the excised material is specifically recited

herein.

Other embodiments are within the following claims. In addition, where

features or aspects of the invention are described in terms ofMarkush groups, those

skilled in the art will recognize that the invention is also thereby described in terms

of any individual member or subgroup of members of the Markush group.
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